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© urgent day-to-day 


needs of British Industry 





Monks & Crane Ltd 














FRASER 











pumps and motors 
for every hydraulie | 
eireuit | 








NAPSTER 


MONO-RADIAL HIGH 
SPEED PISTON PUMP 


Delivers a large volume at 

low pressure and a small volume 
at high pressure through one 
outlet. Standard pressure 
range up to 6000 p.s.i. 


DERI-SINE PUMP 

Rotary pasitive displacement 
pump of high 

volumetric efficiency. 


DERI-SINE MOTOR 
Provides exceptionally smooth 
transmissions for a widely varied 
number of applications. Four 
basic models. Outputs up to 
4400 Ib./in. torque. 


for eficiency fit a 


“ANDREW FRASER AND COMPANY LIMITED 
29 BUCKINGHAM GATE LONDON SWI 
TELEPHONE VICTORIA 6736-9 
Pi27e 
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FANS 


The “Resista” 
P.V.C. Fan is imper- 
vious to the chem- 
ical action of strong 
acids, alkalis and 
moist gases It is 
the fan that in con- 
junction with P.V.¢ 
Hoods and Ducting 
has provided in- 
dustry with the 
greatest step for- 
ward in chemical 
fume handling 
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INDUSTRIAL 
SILENCING 


Where noise creates problems 
as with Drop Stamps, High 
pressure blowers, Air noises 
on Dust and Fume Plants, 
especially during night shifts 
the purpose designed ** Airflo” 
Industrial Silencer provides 
the easy solution. Simple to 
install. No loss of production 
efficiency. 





SEND NOW 


for literature dealing 
with * Airflo” products 
j If you have any ventilat- 
| ing or dust collecting 
problems tell us about 
them Our technicians 
can help you. 
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industry needs 


TRADE 
MARK 


Industrial Fans Heater 0. Lid 








DUST 
COLLECTION 


“ Airflo” *E* Type Dust 
Collecting Unit. For dry 
non-fibrous, non-explosive 
dusts with air temperature 
not exceeding 160° F. Fully 
automatic shaking device 
Made on unit principle 





POWERED 
ROOF 
VENTILATOR 


‘ Airflo”’ Powered Roof 
Ventilator. Fits any roof 
angle. Light enough for 
corrugated iron roof. Pesi- 
tive ventilation under all 
conditions. Unit des- 
patched completely assem- 
bled. Prices from £29 15s 











WELDING 
TABLE 


Welding 
perfect 


* Airflo” 
Table the 
working surface for 
welding, brazing and 
soldering. Fumes drawn 
away from operator 
Supplied complete with 
motorised unit 





WORKS, BIRMINGHAM, 11. 
And at LONDON, MANCHESTER, SWANSEA, NEWCASTLE UPON TYNE 


A Member of the SIMMS Group 


Phone VICtoria 2277 
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Metrovick for the largest range 
of electric welding equipment 


ATOMIC HYDROGEN ARC 


RS EEA ies. 


INERT-GAS AR 


METROPOLITAN -VICKERS 


AC ARC 


An A.E.1. Company 
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Wherever lightness 








and strength 








are required— 
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Cut it to the shape you want—it holds together because (Ya 
it’s welded together. In the Weldmesh list of standard sizes 


V4 
Y 














A technical service is available to handle any problems. 











Weldmesh is a registered trade name and is supplied direct to users by the sole manufacturers 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.1 


= 


OCTOBER, 1958 Volume 19, No. 10 





“ow ore 


Aj 




















A Mirrlees KVSS12 Diesel Engine, 
coupled to a Brush Alternator, typical 
of the type of engine installed for the 
various Electricity Boards throughout 
Britain. This set produces 3,096 b.h.p. 





2,150 kW at 428 r.p.m. 


MIRRLEES, BICKERTON & DAY LTD., 


Telephone : Stepping Hill 3841 (14 lines) 


Serve the Islands 
round the coast 
of Britain 


NORTH OF SCOTLAND HYDRO 

ELECTRICITY BOARD, 

LERWICK 0. coe coe ee 2 MIRRLEES KVSSI2 ENGINES 
| MIRRLEES HF8 ENGINE 


NORTH OF SCOTLAND HYDRO 
ELECTRICITY BOARD, 
KIRKWALL ... 04. ee 2 MIRRLEES KVSSI2 ENGINES 


NORTH OF SCOTLAND HYDRO 
ELECTRICITY BOARD, 
STORNOWAY ... ... ... 3 MIRRLEES KVSSI2 ENGINES 


NORTH OF SCOTLAND HYDRO 

ELECTRICITY BOARD, | MIRRLEES K7 ENGINE 

BRODICK ... soe soo «oe | MIRRLEES HF8 ENGINE 
| MIRRLEES HF6 ENGINE 


PEEL POWER STATION, 2 MIRRLEES KVSS1I2 ENGINES 
ISLE OF MAN ... ... «.. 7 MIRRLEES HFS8 ENGINES 


GUERNSEY STATE ELECTRICITY CO. 

GUERNSEY ... .20 oe oe 2 MIRRLEES KVSSI2 ENGINES 
2 MIRRLEES HFS8 ENGINES 

THE JERSEY ELECTRICITY CO. 

ST. HELIER, JERSEY... ... 7 MIRRLEES KVSSI2 ENGINES 











A member of the Hawker Siddeley Group 





HAZEL GROVE, STOCKPORT, CHESHIRE 


Telegrams : ‘ Mirrlees Telex, Manchester’ 
IE22 
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The 
Right Angle 
on the 


Drive 


E.N.V. have exceptional facilities 
for the manufacture of spiral 
bevel and hypoid Cars IM SIZE 
up to 72° and for the serial 
production of nght-angle drive 
units for a wide variety of 


industrial applications 


Engineers who need right angle 
transmissions are invited to 
communicate with the ENS 
Design Department at the 


project stage 














ROAD, 


LADbroke 3622. 








WILLESDEN, LONDON, N.W.10 


468 
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rate 


than human skill 















Hydraulic Control of motion 


Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering control of 
motion remember Savery Hydraulic Pumps first. 





Savery Pumps can be supplied with fixed or variable delivery. 


FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET - BIRMINGHAM 6 ~- TEL: ASTon Cross 1316-7 
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a tricky Jor 


Half Pump Casing made 
from full pattern and 
without core boxes 
weighing 4 tons 12 cwts 
cast in Mechanite by 

G. M. Hay & Company 


Limited, Glasgow 








ai pen ... yet well within the capabilities of ¢ 
Cast Iron Can Do it-if its yet well within the capabilities ‘ 


Meehanite foundry. For Meehanite Iron 
has all the qualities that such a casting 


needs—absolute soundness,  pressure- 





The Dependable Metal tightness, strength, freedom from distor- 


tion, and good machinability. 
Any of the foundries listed on the left 





NR Meehanite Metal Foundries 


“ep 


will be glad to send you a free copy of the 





at your service - 
y booklet “‘Meechanite in the Service of 


Ashmore, Benson, Pease and Company, Stockton-on-Tees. The ° nah: >» oe , 
Butterley Company Limited, Ripley, Derby. Cameron and Robert Industry . Mechanite castings can be 


on Limited, Kirkintilloch. Carmichael Bros. Limited, Nile Street . 

South Shields. Goulds Foundries Limited, Newport, Mon. John supplied in any quantity, large or small 
Harper (Meehanite) Limited, Willenhall, Staffs. G. M. Hay and 

Company Limited, Glasgow. C. A. Parsons and Company Limited, 

Newcastle-on-Tyne, 6. Qualcast (Ealing Park) Limited, London 

W.5. Richards Foundries Limited, Leicester. Southern Foundries 

Limited, Waddon, Croydon, Surrey. Winget Limited, Rochester 








THE INTERNATIONAL MEEHANITE CO. LTD., MEERION HOUSE, 4 DOWNSIDE, EPSOM, SURREY TELEPHONE : EPSOM 3507-9 


- 
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use HOFFMANN BEARINGS 


Behind the firm of Napier is a long record of 

success stories in the world of precision engineering. 
Their engines have broken many records on land, 

sea and in the air and today with 150 years’ experience 
Napier continue to go forward to win new laurels. 
We offer our congratulations to D. Napier 

& Sons Ltd., and are proud to be serving them 

with Hoffmann Ball and Roller Bearings 


| together with our 60 years’ background of 
knowledge skill and enthusiasm. 









BALL AND ROLLER BEARINGS 


THE HOFFMANN MANUFACTURING CO. LTD., ESSEX 





CHELMSFORD, 


THE ENGINEERS’ DIGEST 








































eR OSU en NE ETB 





Fenaflex Cushion Couplings are equal to a 

universal joint. They automatically correct all 
combinations of misalignment and end-float, 

cushion shock loads and absorb torsional vibration, yet 
operate with the dependability of a modern tyre! 

The Fenaflex Coupling is a tyre with synthetic 

tension members bonded in rubber. 

Depending on the size of the coupling and the duration 
of shaft misplacement, it corrects angular misalignment 
L inch and 


THE RUBBER TYRE COUPLINGS WITH THE 4-WAY FLEX 


PAV ISRO 


TAKES ANGULAR 
MISALIGNMENT 


pS RRP <>.” 








TAKES PARALLEL 
MISALIGNMENT 





TAKES 
END-FLOAT 





Rs 


up to 4’, parallel misalignment up to 


end-float up to ;% inch. There is no 

metal-to-metal contact, lubricating is unnecessary 

and there are no protruding parts 

This coupling occupies the minimum space on the shaft 
and Fenner standard Taper-Lock bushes make mounting 
quick and easy. As the flexible member is moulded 
with a transverse split, it can be replaced without 
moving the machine or the motor. 


Fenaflex Couplings are 
obtainable from all the 19 
Fenner branches and 
Fenner engineers will 
gladly demonstrate this 
latest addition to 
mechanical power 
transmission equipment. 
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me LARGEST MAKERS OF 





V-BELT ORIVES IN 








THE 


4) 
m9) 


ABSORBS TOR 
VIBRAT 


COMMONWEALTH 


ENAFLEX 


CUSHION COUPLINGS 


' 


SEND FOR FULL PARTICULARS. ASK FOR LEAFLET 553/18 


_ J-H- FENNER & co-t1o- Hu 
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An Engineering Masterpiece 


Air-blast circuit-breaker 
for indoor erection 
rated 20 kV, 5000 A, 2000 MVA BROWN 


All Brown Boveri air-blast circuit-breakers, 
from the smallest to the largest, are built 
from the same proved unit components. 

We shall be glad to ad- 

vise you in the plan- 


ning of your switch- 
gear installations. 








| 
: 


Fe ae lhl lath ll aie 


81416-Vill 


BROWN, BOVERI & CO., LTD., BADEN, SWITZERLAND 


Representatives in most countries 
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FIRST IN THE FIELD—AND STILLIN THE LEAD 


HEAT EXCHANGERS 
LINCOLNWELDED 


For Bradwell Nuclear Power Station, Essex 


The 12 heat exchangers for Bradwell Nuclear 
Power Station, Essex, each weighing 200 tons, 
are being designed and fabricated by Head 
Wrightson & Co. Ltd., a member of the 

Nuclear Power Plant Company Limited, using 
10 LINCOLNWELD Fully Automatic submerged-arc 
welding units. 

The vessels are subject to the requirements of 
Lloyd’s Class | Standards for fusion welded 
pressure vessels, and all the welds are radio- 


graphically examined, and finally stress-relieved. 


REAR TOE SS EL LLL LG EL ELE ALS TIR ESET NS Neen SE 


{ 

L 

The above photograph 

shows a close up view of a 
LINCOLNWELD Fully Automatic 
submerged-arc welding unit, 


working on an external weld. 


~ 
S., 


~ 


The photogra 


the first e% 


LINCOLN’S wide experience gained from installing 
hundreds of Automatic Units throughout the world 
is at your SERVICE, 


LINCOLN ELECTRIC CO LTD 


WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 (5 lines) 4581 (5 lines) 
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OUR VALVES HAVE 
MANY FACES 


Did you know that each one of our automatic 
control valves has a personality of its own? 
Take ‘Safety Cut-out’, for instance. 

Now, he’s a careful type who shuts up like a clam 
whenever his electrical circuit is disturbed 

and flatly refuses to allow either liquids 

or gases to pass. Or there’s ‘Balanced 3-way’. 
This fellow is a leader and controls 

other chaps doing all the hard work—Pneumatic 
and Hydraulic cylinders for example. 

We have over 100 different ‘types’ of valves 

for every kind of automatic or remote 

control system involving water, steam, coal gas, 
oil, air and many other industrial 

liquids and gases. They don’t use glands, 
stuffing-boxes or driving shafts and, 

what's more, they havea reputation for 

hard work, long life and the utmost reliability. 
Full technical details of this family 

of automatic control valves are contained in 

our new brochure No. 65 

Why not write NOW for your copy ? 





28 ST. 





PLACE, 


me, 


“we Ore: 
game BRM ES aa, 


¥ 








Well over 100 of them, 
in fact. A ‘type’ to 





suit every requirement. 
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MAGNETIC VALVES ARE USED EXTENSIVELY IN 


AIR CONDITIONING LAUNDRY PLANT 
AUTOMATIC STOKERS MACHINE TOOLS 
BOILERS OIL BURNERS 
CENTRAL HEATING REFRIGERATION 


0 CRUCIBLE BAKING OVENS NUCLEAR POWER PLANT a 


CJt..7 J fo 


DYEING STERILIZING PLANT 
GAS GENERATING PLANT STEAM TURBINES 
HYDRAULIC & PNEUMATIC TINNING BATHS 
CYLINDER MECHANISMS VACUUM PUMPS 
HOT WATER SERVICES VENTILATION 


om | nee | 
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MVC The Magnetic Valve a Ltd 


JAMES’S 


LONDON S.W. HYDE PARK 
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Crown Copyright. Reproduced 


by courtes* of Dept of 
= Engineer -in- Chief of the 
=~ Fleet, Admiralty 


FIRE-RESISTANT HYDRAULIC FLUID 





Satisfies the most exacting demands and combines 
excellent hydraulic efficiency with high safety value. 


It is : Non-corrosive 
Non-foaming 
Non-toxic 
Non-fuming 


The high film strength of Houghto-Safe 271 provides 
the metal surfaces with greater protection for longer 
periods—EXTRA SERVICE LIFE. 

Houghto-Safe 271 has been chosen by the Admiralty 
i for the Retraction and Control System of B.S.4 
; Steam Catapults installed in Britain's latest Aircraft 
Carrier—H.M.S. VICTORIOUS 





Houghto-Safe 271 is a product of 





BIRMINGHAM 4, ENGLAND 
Works and depots § at Hirminghar 
Manchester, Liverpool, Southall (Midds } 
Bristol, Glasgow 
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YOURS PRECISELY... 


W. E. Sykes Ltd.—specialists for more than 

30 years in the design and manufacture of 
machines and tools for gear production 

invite a closer look at the model VIOA gear 
shaper. External and internal spur gears, 
helicals, sprockets, serrations, racks, ratchets and 
many intricate profiles can be 

produced by this versatile machine. 

The precision model VIOA will generate with 
extreme accuracy gears up to 8 inches in 
diameter and from 12 to 64 D.P. Tooth to tooth 
and total composite errors are guaranteed to be 
within the Admiralty Class | specification 
‘Precision Gearing for Control Systems’. 

Fullest details and descriptive literature are 
freely available, together with the experience 

of the Sykes Technical Advisory Service. 


PRECISION 
GEAR SHAPERS 


W. E. SYKES LTD - STAINES - MIDDLESEX - ENGLAND 


and associated companies 


Sykes Tool Corpn. Ltd., Georgetown, Ontario, Canada. 
Sykes Machine & Gear Corpn., Newark, N.J., U.S.A. 
W. E. Sykes Ltd., Mascot, Sydney, N.S.W., Australia. 
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The logical advance in Muse! 








OLD WAY 

To provideashoulder 
for the tensioning 
spring on this filler 
cup entailed an extra 
long, threaded shaft, 
a nut, a hole drilled 
to take a cotter pin 
and an altogether 
tedious assembly. 








THE SALTER WAY 

The spring is quickly 
positioned on a 
shorter, plain shaft by 








=) a Grip Ring which is 

vil | EXTERNAL snapped into position 

t= 4 RETAINER for secure, frictional 
grip. 














save material—reduce assembly time 





When it’s a question of assembling components machining operations. A large standard range 
in any engineering field, Salter Retainers are the is at your immediate disposal, and we should 
answer. They replace nutsand bolts, screws,cotter welcome the opportunity to assist in developing 
pins, and eliminate expensive threading and _ special retainers to solve your problems. 





NEATER — MORE POSITIVE — PERMANENT RETAINING 


Send for the Salter Retainer 
catalogue — no designer is 
complete without it. panne vn 
frets 
) Circlips € Fasteners Retainers ==) Fixes 


Geo. Salter & Co. Ltd., West Bromwich Spring Specialists since 1760 
pageant 
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POSITIVE WARNING 


With Vokes Filter Servicing Indicator 
for 


Liquid Filters 


Easily fitted to existing filters, the Vokes Filter 
Servicing Indicator is an inexpensive, mechani- 
cally operated unit. Fitted by copper tubing to 
the inlet and outlet sides of the filter, it clearly 
indicates when the filter element is approaching 
the recommended maximum differential pressure 
through the collection of contaminants. It can 
be adjusted and pre-set to operate over a wide 
range of filter differential pressures and is nor- 
mally pre-set at the works to suit the application 
required. Full details of this new Vokes product 
will gladly be sent on request. 





OPERATION 


The outer case incorporates a diaphragm dividing the case into high and low 
pressure compartments, each compartment being connected to the appropriate 
pressure side of the filter via capillary tubing. Any difference in pressure, and sub- 
sequent movement of the diaphragm, applies pressure to an overcentre snap-action 
spring giving magnified movement at one end. This actuates a vividly coloured 
thimble, which enters a transparent dome, and is immediately seen externally. 


Air and Gas Filters for Chemical, Nuclear Energy, Oil Refiners and 
Pharmaceutical applications et: dir conditioning filters Compresved 
air pipe line filters ; Air, Oil, and Fuel filters for Diesel, Gas Turbine, and 
other ic engines Hydraulic filters Silencers for Engines, Fans and 


Blowers ; High efficiency Multi Cyclones 





VOKES LIMITED : GUILDFORD : SURREY 


Tel.: Guildford 62861 (6 lines). Telegrams and Cables: Vokesacess, Guildford, Telex. Telex: 13-535 Vokesacess, Gfd 
Vokes Australia Pty. Lid., Sydney Represented throughout the World 
v2% 
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BRUSH SPRINGS BY TERRYS 


Our long experience has taught us how to make good 
BRUSH SPRINGS in steel and phosphor bronze. Please may 
we quote to your samples or prints? 


HERBERT TERRY & SONS LTD 


repoitcn Spring Specialists for over 103 years 


Manchester: 279 Deansgate +  bLondon: 27 Holborn Viaduct, E.C.1 
Birmingham: 210 Corporation Street 
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A new 


Complex shapos can be 
formed. The example 

on the right shows the 
Nimonic deflector for the 
Aden gun in the Folland 
Gnat fighter. The internal 


cone is eccentric. 


Wilmot Breeden are skilled in metal manipulation 
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way with Cones and Venturis 


Wilmot Breeden are producing, in the cold state from sheet, conical sections in alloy 
materials. Flowturning of metal permits conical sections to be formed with wall 
thicknesses to close tolerances and with thick diaphragms or flanges. The benefits 
of cold working: increased tensile strength and fatigue resistance, a high surface 
finish, and substantial economies in time and materia]. 

The illustration above shows the flowturning of a simple conical shape from a circular 
blank. The diameter and the thickness of the centre and flange remain unchanged as 
pressure from a roller extrudes the materia! forming a thin wall section in 
accordance with the shape of the mandre]. 


If you have an application for 
this method of flowturning we 
should be pleased to Investigate 
and advise 

The illustration ta shown by urtesy 


of Folland Aircraft Limited 
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It’s New! HYDRAULIC POWER 









Models give pressure 
range from 


62 .. 22,500 ...: 


Operated by compressed air 


from 
5-1 00 p.s.i. 


Reliable 


Compact 





12° 


APPROX 


Designed for high output 


Low initial cost 








Negligible maintenance 


Non-corrosive 


WEIGHTS FROM 50-8! LB. 


No consumption of air when 
maintaining static pressure 


THE 


ALRHYVYDRO POWER UNIT 


PRODUCES HYDRAULIC POWER FOR 


PRESSES, HYDRAULIC JACKS, 
HYDRAULICALLY LOADED ROLLS, ETC. 


MANUFACTURED BY THE MAKERS OF 


“* AIRHYDROPUMP ” 


SEND FOR LEAFLET A.P.U.1. COMPLETE WITH OUTPUT GRAPHS 


VORTEX WORKS - ATLANTIC STREET - ALTRINCHAM ~- CHESHIRE 
Telephone: Altrincham 2702, 3 Lines 
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AUTOMATION at law cost 





















For users of hydraulic power, an effective 























Hl form of Automation is readily available by the 
simple installation of Ellison air operated 

valves and a suitable timing instrument. 
e Such an installation costs very little in 
capital outlay but enables several hydraulically 
operated machines to be controlled 

i automatically by a single operator. 
The uses for Ellison valves with timers are 
varied and numerous. One important 
advantage j 
devices as, for example, automatic 

control of machine guards to comply with 
Factory Act regulay 

a valve. 
“eens 





i a Send for full details and a 
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LOW PRESSURE INLET 





PRESS CYLINDER HIGH 
PRESSURE INLET 






























Plain upstroking press working on two flu 





pressures with gravity return of ram. 





~~ GEORGE ELLISON 
807 PERRY BARR BIRMINGHAM 22B 


~ 
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Is the cooling water circulating ? 


Are the bearings getting the oil ? 


You must have the answer to your question at once. 

No doubts, no second looks. An Arkon Flow Indicator 

gives you that confidence. 
The liquid, as it passes, spins a chromium plated ring under a tough- 
ened glass dome. If the flow stops, the ring stops spinning and warns 
you that the liquid is not circulating. The movement is so decided 
that it cannot be mistaken or misread. It can be clearly seen from a 
distance even in bad light—no peering into dark corners or climbing 
into awkward positions. There is only one moving part—the spindle. 
Sizes of indicator from 4” to |” can be adjusted on the pipeline for 
high or low velocities of flow. 

More about Arkon Flow Indicators in pamphlet FL/24 


WALKER, CROSWELLER & CO. LITD., 
WHADDON WORKS - CHELTENHAM 


Telephone: 56317 (4 lines) ’ Telegrams INSTRUKEMI Cheltenham 
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222it’s standard size but 





completely inaccessible 


Obviously a case for an oil-retaining bearing — that will 
cut out lubrication and maintenance. 

With these oil-impregnated sintered-metal bearings the 
oil is fed to the surface by capillary action so that you 

get controlled, trouble-free lubrication — automatically. 


es». you should - 
specify Kesewol 


BEARINGS 


Sintered-Metal Olf 


There are a variety of shapes and many sizes of 
*“ RESERVOIL” bearings for every normal medium 
duty, but particular attention is drawn to the large 
range of plain cylindrical bearings to B.S.1. standard 
dimensions. Most sizes are held in stock. 


Please write or "phone for Technical Brochure SD.A0 or Catalogue of sizes SD.58 


The Morgan Crucible Co. Ltd. Wandsworth Works, Point Pleasant, 
London, S.W.18 
Telephone: VANdyke 6422 


SM.123 
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contracts 


from. 
Bristol Aircraft Ltd 


endorse the supremacy of 











VENTILATION 


Time and time again, industrialists large and small 
call in Colt. And for three good reasons. Colt ventila- 
tion systems depend in the main on internal convec- 
tion currents—not external forces—and are therefore 
little affected by the vagaries of the wind. Colt offer 
an unparalleled range of ventilators. And most 
important, every Colt recommendation is based on a 
thorough analysis of the building, plant and process 
either from a site survey or drawings. Such thorough- 
ness influences firms such as the Bristol Aircraft Ltd. 
It will impress you, too. Ask your secretary to send 
for a free manual to Dept. U27/10 


Among the 12,000 major Industral Organisations 
using Colt equipment are: 

32 contracts: J.C.J. Ltd. 

56 contracts: de Havilland Aircraft Co. Ltd. 

20 contracts: Courtaulds Ltd. 

11 contracts: Dunlop Rubber Co. Ltd. 

11 contracts: Steel Company of Wales Ltd, 


J essrean 











COLT SR3080 VENTILATORS ON THE LOW SPEED WIND TUNNEL, FILTON 


COLT VENTILATION LIMITED . SURBITON . SURREY . TELEPHONE: ELMBRIDGE 0161 (10 LINES) 
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sal force 


governing 


factox 


The steam engine governor is a 
classic example of the application 


of centrifugal force 


The same principle is now 


increasingly being used to improve 


the density and strength of 


cast metals and there is no 
doubt that metals cast in this 
way are far superior in every 


respect 


Ycol centrifugal castings are 
spun at the optimum speed 
(up to 2,000 r.p.m.) to give the 
greatest density, strength and 
consequent long life, together 
with freedom from defects. If 
you demand the best 
castings—change NOW 


to Ycol spun castings 


FENTON STOKE-ON-TRENT 
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chain drives 





MORSE CHAIN DIVISION 
BORG-WARNER LTD:LETCHWORTH-HERTS-TEL: LETCHWORTH 2170 


wae es 2 eee OF AUTO Ag Ys y TRANSMISSIONS, TORQUE anne 
INE WAY CLUTCHES, MORSE CHAINS AND HARTCLIFFE CHAINS. 
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With controlled 
speed and 


force of stroke 


FLUSH 
MOUNTED 
TYPE 
























Schrader Air Cylinders 


make light of heavy work 


Schrader Air Cylinders can be used in many ways to eliminate 

costly and bulky mechanical movements and to reduce the fatigue 

and monotony of manual movement. They can be operator 

controlled or automatically synchronized with other machine operations 
Piston movement can be regulated both for speed, force of stroke, 

and time of each cycle. Wherever you have operations involving 
lifting, lowering, pushing or pulling, consider the Schrader 

range of Air Cylinders. The chances are they can take over the 

heavy tasks and help you expand production 


Noire ty 


















AIR CYLINDERS To A. SCHRADER’S SOM, ] 
Air Control Products Dept. ED | 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 | 
BOLT 
ROUTED Please send details of Schrader Air Cylinders 
TYPE 


NAME 


ADDRESS 


SEND FOR DETAILS 
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4 good reasons for fitting 
BTR High Test V-BELTS 














HIGHER 
HORSEPOWER 





Grommet construction makes the most efficient use of 

high tensile cords to produce the strongest V-belts yet made. 

For grommet construction ensures that all the cords of a belt 
share the load equally—which is the condition for maximum 

transmitting efficiency. Furthermore, a grommet, being an % 
endless loop of high tensile cords, has no joints to weaken 
the belt, no overlapping sections to stiffen it. 












cy 


MORE 


GRIPPING POWER 


Grommet construction ensures that the belt exerts full 
driving grip on the walls of the pulley groove, for there are 
no central cords to dip and ‘dish’ the belt, pulling it away 
from the walls under load. This extra driving 

grip allows heavier loads and prevents belt slip. 




















MORE OUTPUT FOR saving in power appears in extra pay-load for electricity consumed. 
ELECTRICITY CONSUMED 


Despite its superior strength, a grommet is the most flexible V-belt 
load carrying device yet developed. Thus the belt runs cool | 
and absorbs minimum energy in flexing around the pulleys. This 











cy 


LONGER 
BELT LIFE 


Operating with a higher safety factor than ordinary 
V-belts, BTR grommet V-belts last longer because 

they are stronger and also because being so flexible they are 
subject to little strain in flexing round the pulleys. 


















ENGINEERS 
IN RUBBER 





4 


BTR Industries Ltd werca wouse, vincent square, tonvons.w.i TEL: vic 3648 


BTR HIGH TEST 


GROMMET V-BELTS 


Patented in Great Britain by BTR Patent No. 567406 
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industry 


Ford industrial engines are a practical proposition for World-wide Spare Parts Service Organisation. Take 
many industrial equipments ... compressors, cranes, your choice from a wide power range . . . Diesel 30 to 
pumps, contracting equipment, earth borers, generators, 86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating) 

railcars, welding plant, works trucks, tractors and DIESEL ECONOMY—have you considered the 


conversions. Simple design, modern flow-line production replacement of existing power units in your equipment 
methods and common interchangeable parts contributs and trucks with the famous Ford 4D Diesel engine ? 

to the low cost of these high efficiency engines. And You'll have the unique advantages of economy, long-life 
remember, every Ford engine is fully backed by a andlowrunningcosts ... plus the best service inthe World! 








bb Om wo BE oe 


Wherever you are, whatever your problem, we are at your service. For further details of 


6039 INDUSTRIAL 


ENGINES 
and the equipments they power, contact your nearest Ford Dealer or write to 








FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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gauging Acme forms of thread. 








Because of the depth of anvil section 
the caliper is particularly suitable for 





Precision measuring machine 
for checking the pitch of the 
anvils. 


The radiused anvils do 
not roll and having an- 
nular thread forms, they 
can be used for either 
left or right hand 
threaded work pieces. 


Featuring Horstmann gauges 


The Horstmann Model 52 Screw Caliper Gauge puts accuracy in your hands. 
In addition to the features displayed above it incorporates many other ad- 
vantages all of which contribute to fine accuracy, versatility, long life and 
ease of handling. All shearing action is eliminated—adjusting screws allow 
for a wide range of work diameters and tolerances and obviate the necessity 
for regrinding—the absence of projections makes the caliper suitable 
for gauging shouldered work and Model 52 is available in a full range of B.A., 
American, Unified, Whitworth and Metric forms of thread. It is normally 
supplied as a ‘GO’ and ‘NOT GO’ combination gauge so that both tests can 
be applied in one action, but is also available as ‘GO’ only or ‘NOT GO’ only. 
Horstmann also make screw or plain Plug and Ring type gauges. All these 
precision instruments are guaranteed for accuracy, hardness and finish to 
the requirements laid down by the National Physical Laboratory. 


May we send you descriptive leaflets— 


PLUG, RING & CALIPER GAUGES 


THE HORSTMANN GEAR COMPANY LIMITED 
NEWBRIDGE WORKS - BATH - ENGLAND - Tel.: 7241 
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FERRYBRIDGE + KNOTTINGLEY -: YORKSHIRE 
Telegrams: BALBEARING FERRYGBRIDGE Telepnone 2323 Telex: 66 . 166 
LONDON OFFICE: 44 HERTFORD STREET, LONDON, wt Te LEGATION 38868 Te\er 
POLLARD BEARINGS NORTHAMPTON Te!: 3766 Teiens: 31-6904 
CANADIAN POLLARD BEARINGS LTD. OAKVILLE ONTARIO Tei: Vi -1667 4 &M 4-6036 
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“* Newallastic ’’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 
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VERTICAL 
¥ versatile 


ve powerful 


CUTS COSTS 
AT FORGROVE 
MACHINERY CO., LTD 











; JAMES ARCHDALE & CO LTD. 
LEDSAM ST. BIRMINGHAM, 16. 


a Telephone No. EDGbaston 2276 

A Member of the Staveley Coal & Iron Co. Ltd. Group 
Sole Agents: ALFRED HERBERT LIMITED, COVENTRY 
Telephone No. 89221 
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This massive, powerful and versatile 
machine makes light work of heavy duty 
milling on a variety of jobs at Forgrove 
Machinery Co. Ltd., Leeds. 

Table has reversible automatic feeds 
and quick power traverse in all three direc- 
tions. Speeds and feeds changed from front 
of machine. Direct reading dials. Twelve 
speeds from 29520 r.p.m. or alternatively 
36/638 r.p.m. Twelve feeds, }” to 20 in. per 
minute. Quick and fine hand adjustment to 
spindle. Table working surface 53” x 14)”. 





emetnininntl 


VERTICAL 
MILLING 


ON THE 


The CVM.60 combines maximum 
production with extreme accuracy 


and easy operation. 


Powered by a 25 h.p. or 40 h.p. 
motor as required, spindle speeds 
range from I5 to 840 r.p.m. in 
eighteen steps. 

Rectangular table 

type has working surface of 9 ft x 
2ft9in, and traverses 7 ft 2in x 3 ft 
3 in, with a choice of four feed 
ranges. 


Other models available 





with circular table or combined 
circular and rectangular table. 
Maximum height under spindle 


nose is 3 ft 5 in. 


KENDALL § GENT: Shih 
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CONVEYING 2 MILLION WHEELS A YEAR 





OCTOBER, 











Photograph by courtesy « rd tor Company Lid., Dagenham 





Working 24 hours a day, 7 days a week through the bonderising process, this 
conveyor carries over two million wheels a year. 


A thousand MORGANITE CARBON BEARINGS undergo severe 
treatment to make this possible—caustic solutions; cold water; bonderising 
acids; hot water; cold air and finally 400 C in an oven! 


MORGANITE CARBON BEARINGS solved the FORD MOTOR 
COMPANY'S problem—perhaps they will solve yours today. Please write 
or ‘phone for leaflet SD 63, or for one of our Technical Advisers to call, 


MORGANITE CARBON BEARINGS withstand high temperatures, 
immersion in liquids; resist chemical atmospheres and corrosive conditions; 
need no lubrication; are suitable for inaccessible positions; are 
non-contaminating and completely eliminate’ maintenance. 











THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA 
CHURCH ROAD, LONDON, S.W.11. Telephone: BATtersea 8822 
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TAYLOR- 


HOBSON _. 




















Model | TALYROND | ROUNDNESS MEASURING INSTRUMENT 


Smoother, quieter for faster running. 


Roundness is the key to smoother, quieter 
faster running, and such qualities depend 
upon the correct geometric shape as well as 
dimensional accuracy. 


The Taylor-Hobson ‘Talyrond’ Roundness 
Measuring Instrument will measure errors as 
a Hy ene) SEE eee male Deimases = = infinitesimal as 3 micro-inches (.000,003-ins.), 
LEICESTER © ENGLANI thus assisting in the analysis of manufacturing 
processes, leading to optimum performance. 


A Division of 
RANK PRECISION 
INDUSTRIES LTD. 


TR 
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or a most important component 


Ke to the cutting head the motor which drives 
t is the most important component in an 

lec ric shaver. The mouldings to house the 
| 10! or are all-important too, if a 


mc th, trouble-free action is to be achieved. 





...in the world’s/finest electric shaver 


Not easy mouldings—with metal inserts 


and holes at all angles and particularly the 








moulded-in bearing insert. Absolute dimensional 
accuracy and stability, year in, year out, 

was essential. It posed quite a problem 

for our tool makers and technicians but 

few problems are insuperable to us after 

over 47 years specialised experience in 


plastic moulding production 





nly the best is good 


For these transfer mouldings which are 
illustrated by kind permission of Sunbeam 
Electric Ltd., we selected a thermosetting 


material. Your enquiries would be welcomed 











Works 


ammer Lane) 





Works 
Eldon Street) 





E. Elliott Limited 





the plastic moulders with the engineering background 
315 SUMMER LANE, BIRMINGHAM, 19. Tel. ASTon Cross 1156-769 
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82 
HOLDENS 
> 6S 
f 6 1? UN ZA ME Ib ©” 2 
a 
PROTECTIVE 
COATINGS 
? 
3 
; Eliminate Corrosion : 
in Cargo Compartments 











7 ILD Le 


Line your tankers with 
Epinamel A.C. 
Protective Coating and 


* Increase the life of the plates. 

oie Reduce the cost of cleaning and 
gas-freeing. 

* Ensure freedom from rust particles 


in the cargo. 


Send for fully 
explanatory booklet to 


ARTHUR HOLDEN & SONS LTD., 
BORDESLEY GREEN RD., 








STOCK sincte stace 


EJECTORS 








Made of Chemical Stoneware 


with iron armourings for 


STEAM OR LIQUID OPERATION 





Examples of PERFORMANCES of standard stock Ejectors 
STEAM-OPERATED: 

Capable of creating vacuum up to 26 ins. mercury, and 
handling up to 50 cu. ft. of Free Air per minute at 5 ins. 
mercury. Optimum Steam Pressure 45 Ib./sq. in. 
LIQUID-OPERATED: 

Capable of creating vacuum up to 28 ins. mercury, and 
of evacuting 10 cu. ft. space to 10 ins. mercury in 122 
seconds. 


HATH ERNWARE 
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' 
i 
For further information write for catalogue section No. |! 


HATHERNWARE, LTD., Dept. E.D. | 
BIRMINGHAM 9 LOUGHBOROUGH -: LEICS. | 

Telephone: ViCtoria 2761 (7 lines) Telephone: Hathern 273 
a ~—-_ dmHLs6 








SPRAY 
BOOTHS 


Ga 
PLANT 














Griffiths water-wash and dry-back Booths illustrated can 







Spray Booths give maximum incorporate turn-tables, of the 


filtration and fume extraction 







ball-bearing type, to meet your 





for varied applications such as requirements, and also 


paint spraying, flock spraying, flame-proof fans and light fittings. 
























chalk spraying, etc. etc. 





Dry-back Booths 
have internal 
lift-out baffles 

(no bolts or 
retaining clips to 
remove) and 
arranged to give 
graduated 
extraction across 
the frontal face of 
the Booth to 
provide maximum 
air flow near the 
work being 
sprayed, and 
minimum volume 
at the top of Booth 
for general 
ventilation. 


i 





A. E. GRIFFITHS (SMETHWICK) LTD., BOOTH STREET, BIRMINGHAM 21! 


. 
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efficiency through RATIONALIZATION 





ALL your needs in Engineers’ Small Tools, Macrome Treated Tools, 
Hand and Power Tools from ONE SOURCE. The time, effort, thought 
and paperwork entailed by piecemeal ordering saved permanently by 
the single decision tools from Hallmac. Rationalize your buying by 
making use of Hallmac’s immense and comprehensive stock ranges and 
of their countrywide distribution and service network. 














HALLMAC TOOLS -!MITED 
Head Office and Depot: PO Box No. 39 Macrome Road, Wolverhampton. Telephone: 52001 (9 lines) 
LONDON: 2! Ivor Place, N.W.1. Telephone: PA Ddington 0204 
MANCHESTER: Transport House, | The Crescent, Salford 5, Lancs. Telephone : Pendleton 3656 
GLASGOW: Central Chambers, 1! Bothwell Street, C.2. Telephone : CENtral 5066 
Sales Managers for the Hand Tool Division of the Bren Manufacturing Company 


JW.Ad 4309 
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NEVEN CUP WHEELS 





NEVEN 920 BOND 
CUP WHEELS ARE 
UNEQUALLED FOR THE 
SERVICING OF 
TUNGSTEN 
CARBIDE TOOLS 





IMPREGNATED DIAMOND PRODUCTS LTD OF GLOUCESTER 
TELEPHONE 21164 (3 LINES) TELEGRAMS IMPREG GLOUCESTER 


SOLE AGENTS FOR NEVEN TOOLS FOR TUNGSTEN CARBIDE APPLICATIONS IN THE UNITED KINGDOM 
MESSRS. WICKMAN LIMITED OF COVENTRY 


Neven Diamond Tools Cut, Drill and Grind the Hardest Materials 


— 
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Fico tot depenth on 


PRECISION 


Greater productivity is only possible 
when the precision and accuracy of all jigs, 
fixtures and gauges are of the highest 
order. The modern specially laid out 
shops of G.P.A., allied to the finest 
standards of workmanship constitute your 
guarantee. We welcome your enquiries. 


G.P.A. TOOLS & GAUGES LTD. 


CONTROLLED BY SALFORD ELECTRICAL INSTRUMENTS LTD, A SUBSIDIARY OF THE GENERAL ELECTRIC CO, LTD, 
Registered Office and Works : 
HARPER ROAD, WYTHENSHAWE, MANCHESTER Tel. WYTHENSHAWE 2215 (3 lines) 


Grams: Pneutools. Phone Manchester. 





We all know this man. He’s the chap = I 
who has just tried GGL for the first time "yf 
and can’t stop talking about the 
wonderful quality and service. He’s a 
nice man, really, but he does goon... 
and it isn’t as if we old stagers didn’t 
rely on GGL service, too, 


CAPSTAN AND AUTOMATIC ‘y 
WORK AND SHEET METAL 

PRESSING IN ANY METAL, 
ANY FINISH, ANY QUANTITY 


FOR QUICK SERVICE AT THE RIGHT PRICE GET IN TOUCH WITH : 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS, PARK ROAD, BIRMINGHAM, 18 
TEL.: NORTHERN 6221 
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** 476". For tools operating under severe conditions of wear 
and abrasion or when maximum runs are desired. Air 
hardening, machinable. Applications include dies and punches 
for blanking steel sheet and plate, high silicon transformer 
materials, stainless steel and iron, brass, copper, zinc. Also 
for deep drawing dies, cupping dies, forming dies. 


‘*L.T.A.H.” Deep hardening in air at 840 deg./860 deg. C. 
with minimum distortion. Tough and abrasion resistant. 
Low decarburization. Machinable. Specially for tools of heavy 
or intricate section, heavy forming dies, blanking dies, trim- 
ming dies, notching dies, heavy duty punches, spindles, 
stripper plates, bending tools. 


‘SABEN’ 








A 
SABEN 


PRODUCT 





for Press Tools 


**$.C.V."" A hard tough steel which resists sinking. For 
cutting dies, drawing and rivet dies, stamping and blanking 
dies, pressing dies, coining dies. 

“ NEWHALL”. An oil hardening non-deforming steel 
Has a wide range of applications in press tool work when it is 
not desired to use more highly alloyed steels. 

“PAX No. 2". Shock resisting steel with high impact 
strength and good wear-resistance. For punches and dies used 
on thick gauge materials and subject to heavy shock. 


Write for new illustrated booklet describing our range of tool 
and die steels. 


HIGH SPEED STEELS, HOT WORK STEELS 


SANDERSON 








SANDERSON BROTHERS AND NEWBOULD LIMITED, ATTERCLIFFE STEELWORKS, P.O. BOX 6, NEWHALL ROAD, SHEFFIELD 9 
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IN TRACTION SERVICE IN 


| [3 COUNTRIES... 
7H a 





Hewittic 


RECTIFIERS 








the converting plant used by 


BRITISH RAILWAYS 
SOUTHERN REGION 


One of 28 substations being 
equipped with Hewittic Recti- 
fiers by the British Transport 
Commission for the Southern 
Region of British Railways. The 
photograph shows Wimbledon 
substation with one wall cut away 
to show the two 2,500 kW recti- 
fiers in this half of the building 


LONDON TRANSPORT RAILWAYS 


The 4,000 kW Bond Street substation, equipped 
exclusively with Hewittic Rectifiers. The plant 
comprises four 1,000 kW combined rectifier and 
enclosed air-cooled transformer units. This com- 
pany is also responsible for the supply and instal- 
lation of all A.C. and D.C. control gear. Some 
90,000 kW Hewittic Rectifiers have been supplied 
to the London Transport Executive. 


HACKBRIDGE 
WALTON-ON-THAMES 
Telephone : Walton-on-Thames 760 (8 lines) 


the World’s principal 


AND HEWITTIC 


CANADIAN NATIONAL RAILWAYS 


The electrified section of the Canadian National 
Railways, comprising some 70 track miles in the 
vicinity of Montreal Terminal is supplied with 
D.C. by Hewittic Rectifiers in two 3,000 kW 
substations at Central Station and Saraguay. The 
photograph shows one of the four !,500 kW 
equipments in service. These are designed for 
operation at 3,000 volts, D.C. 


ELECTRIC COve tint... 


SURREY - ENGLAND 


leleor - A r 
elegra Ele c, Wa 


p hames 





OVERSEAS REPRESENTATIVES 


ARGENTINA: H. A. Roberts & Cia., S.R.L., Buenos Aires 


AUSTRALIA: Hackbridge and Hewittic Electric Co. Ltd., 


171 Fitzroy Street, St. Kilda, Victoria; N.S.W.: Queensland: W. Australia: Elder, Smith & Co. Ltd.; South Australia 


Parsons & Robertson Ltd.; Tasmania: H. M. Bamford & Sons (Pty.) Ltd., Hobart 
Pierre Pollie, Brussels 3. BRAZIL: Oscar G. Mors, Sao Paulo 


BELGIUM & LUXEMBOURG 
BURMA: Neonlite Manufacturing & Trading Co. Ltd., 


Rangoon. CANADA: Hackbridge and Hewittic Electric Co. of Canada Ltd., Montreal; The Northern Electric Co. Ltd., 
Montreal, etc. CEYLON: Envee Ess Ltd.. Colombo. CHILE: Sociedad Importadora del Pacifico Ltda., Santiago. EAST 
AFRICA: Gerald Hoe & Co., Nairobi. EGYPT: Giacomo Cohenca Fils, S.A.E., Cairo. FINLAND: Sahk6-ja Koneliike 
O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE: Glyndova Ltd. GREECE: Charilaos C. Coroneos, 
Athens. INDIA: Steam & Mining Equipment (India) Private Ltd., Calcutta; Easun Engineering Co. Ltd., Madras | 
IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGAPORE & BORNEO: Harper, Gilfillan & Co. Ltd., Kuala Lumpur 
NETHERLANDS: J. Kater E.1., Ouderkerk a.d. Amstel. NEW ZEALAND: Richardson, McCabe & Co. Ltd., Wellington 
etc. PAKISTAN: The Karachi Radio Co., Karachi 3. SOUTH AFRICA: Arthur Trevor Williams (Pty.) Ltd., Johannes- 


burg, etc. CENTRAL AFRICAN FEDERATION: Arthur Trevor Williams (Pty.) Ltd., Salisbury 


THAILAND: Vichien 


Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO: Thomas Peake & Co., Port of Spain. TURKEY: Dr. H. Salim 
Oker, Ankara. U.S.A.: Hackbridge and Hewittic Electric Co. Ltd., P.O. Box 234, Pittsburgh 30, Pennsylvania. VENE- 
ZUELA: Oficina de Ingenieria Sociedad Anonima Caracas 





THE ENGINEERS’ 





















a 








DIGEST 
















Communications by 
Submarine Cable 

















The laying of the trans-Atlantic telephone cable in 1956 ranks as one of the most rtant 
engineering feats in the history of telecommunications. Previously undersea communication had 
been limited to telegraph services and telephone facilities over relatively short distance 


Amplification was the major obstacle—the problem of maintaining telephone signals at intelligible 





strength. This problem could only be solved by the use of repeaters spliced into the cable, and 
capable of working for many years unattended on the sea bed. On the important Nova Scotia 
Newfoundland section of the trans-Atlantic cable, seventeen STC repeaters are used 

For over 30 years STC has taken the lead in the development of undersea communicatior 


equipment and techniques, and as the company celebrates its 75th. anniversary the latest important 


assignment has just been completed. This is the Anglo-Belgian Submarine Telephone Cable Scheme 
—a §§ nautical mile link that interconnects the national telephone networks of the two countric 


It is significant that this was the first time that one company had been entrusted with the 
manufacture of the undersea cable and submerged repeaters, as well as terminal equipment a 
high tribute to the experience and unique resources of one of the Commonwealth's greatest 
telecommunications organisations. 


Standard Telephones and Cables Limited 


TELECOMMUNICATION ENGINEERS 
CONNAUGHT HOUSE ALDWYCH LONDON WG-2 


CAIRO . DUBLIN JOHANNESBURG KARACHI NEW DELHI SALIS@URY 





. 
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cROW/HORN 
7'2 ¢ 8'2 CENTRE LATHES 
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The most popular of the Crowthorn range, these lathes 
include in their specification a robust vee type bed, 
Timkenised headstock with large hollow spindle, quick 
change gearbox and multi position four way toolpost. 
A hexagon turret is available for either Herbert or Ward 
tooling equipment. 


Please write for detailed literature. 





CROWTHORN ENGINEERING OO. © ay. a i Ge On Oe ie oe) 
High Class Machine Tool Makers 


REDDISH ° STOCKPORT. : ENGLAND 
Phone: STOCKPORT 727]-2-3 Grams: CROWTOOL, REDDISH 


CL.9! 
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The quality of engineering in woops propeller 
fans means lasting reliability and economy 
from long service. Remember, woops are the 


world’s most widely used fans, chosen 


internationally for performance and quality. propelier 


DELIVERIES FROM STOCK FROM ALL G.E.C. BRANCHES fans 


Write for Publication V1220, it should be on your file 





WOODS OF COLCHESTER LTD. BRAISWICK WORKS, COLCHESTER 
An associate company of The General Electric Co. Ltd. of England 


FAN ENGINEERS AT THE FOLLOWING BRANCHES: ABERDEEN, BELFAST, BIKMINGHAM, BRISTOL, CARDIFF, RDINEURON LAM 
LEEDS, LEICKST ER, LIVERPOOL, LONDON, MANCHESTER, MIDDLESBROUGH, NEWCASTLE-ON-TYNE, NOTTINGHAM HEVVIELD 


* 
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...not Ralsin- Nylon II 


No ordinary material this Ralsin, it offers outstanding 
opportunity to engineers and designers everywhere. A 
superior nylon, it possesses all the advantages of other 
polyamides, plus *low absorption of water 
exceptional dimensional stability and greatly 
improved electrical properties. 

Its versatility is endless. In mouldings large or 
small; in parts to satisfy an unlimited variety of 
applications ; in shapes that are intricate or unusually 
complex ; tough durable Ralsin offers new scope for 
engineering design. It is resistant to most chemicals, 


has a low coefficient of friction and a high softening 
temperature. 

Ralsin-made machine parts (already the choice in 
many industries) require no lubrication, and are 
particularly suitable for processes where clean 
operation is essential. 

Whether it is adding sparkling colour appeal or 
reproducing design detail accurately, Ralsin offers 
unique properties in every application. Write for 
publication No. S/}3. 

* Water absorbed after 14 days immersion is only 1.6%. 


WHIFFENS 


A member of the Fisons Group of Companies 


chemicals for industry 

WHIFFEN & SONS LTD - WILLOWS WORKS 

DERBY ROAD - LOUGHBOROUGH - LEICESTERSHIRE 

Telephone: Loughborough 3141 

Telegrams: Whiffen, Loughborough, Telex. Telex No. 34548 
POW31b 
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C) 
short-handed ? / 


Only one pair of hands is required to operate the Azoflex mode! 221 to produce prints in 
large quantity —dried, flat and ready for immediate trimming and collating. No darkroom 
no elaborate ventilating system and ducting are necessary as there are no unpleasant fumes 
and therefore AZOFLEX machines are completely mobile to facilitate reorganisation or 
expansion. Exposing, developing and print delivery are all synchronised for an even flow of 
finished work, and output in excess of 100 20” » 30” prints per hour can easily be achieved 
AZOFLEX is the only daylight reflex copying process 
and it is the only photoprinting process to apply a 
measured dose of developer, thus ensuring optimum 
quality. 
The majority of AZOFLEX photoprinting machine 
can, subject to certain conditions, be hired as an alter 
native to outright purchase, where this is preferred 


AZOFLEX MODEL 22! Combined synchronised printer and 
developer. Capacity: cut sheets and rolls up to 42 in. wide 
Printing speed: from 6 in. to 15) ft. per minute, Dimensions 
Height 52 in. Width 67) in. Depth 52 in. with delivery tray 
extended. Weight : approximately 850 Ibs. 





Enquiries to: Ilford Limited 


| LFO A D Az of le * a Dept. AZ141 


Telephone: ILFord 3000 








MACHINES AND MATERIALS FOR DRAWING OFFICE PHOTOPRINTING 


. 


OCTOBER, 1958 Volume 19, No. 10 





With our vast 

facilities and our skill 
in research and planning 
we are always ready to 
meet any demands for 


ANYTHING IN 
SHEET METAL 
WORK. 


WE SHAPE THE THINGS TO COME . 


The Abbey Panel and are recognised as being among the fore- 
& Sheet Metal Co. Ltd. most specialists in Sheet Metal manipulation 


in the country. 


We employ none but the finest craftsmen 


Head Office: BAYTON ROAD, EXHALL, COVENTRY 
Telephone: Bedworth 2071/4 

Also at: OLD CHURCH ROAD, LITTLE HEATH, COVENTRY 
Telephone: Coventry 89461/3 

A.1.D., A.R.B. and C.I.A. approved 
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ENGLISH STEEL TOOL CORPORATION 


Holme Lane Works, Shefficid 
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LOOK RIGHT 


LOOK LEFT 


Where safety and quality are high on the 
list of essentials, cross over to Deritend 
for Hot Brass Pressings and Stampings. 


Production designers and engineers with a keen eye 
on costs (and an even keener eye on speed and accuracy) 
are invited to write us for further details. 


HOT BRASS - LIGHT ALLOY - ALUMINIUM BRONZE PRESSINGS 


BRASS & ALLOY PRESSINGS (DERITEND) LTD. 


LOOK RIGHT AGAIN! LIVERPOOL ST - BIRMINGHAM, 9 
Tel: VICTORIA 2941 
A MEMBER OF THE DERITEND GROUP OF COMPANIES 
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G. A. HARVEY & CO. (LONDON) LTD., Woolwich Road, London, S.E.7. 
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o3 DISHED 


FLANGED 
ENDS 


Fabrication of pressure vessels may be 
greatly facilitated by drawing upon Harvey 
resources for the production of die-pressed 
Dished and Flanged Ends 

Capacities range from 6 in. to 9 ft 
diameter. Edges are prepared for welding 
or riveting if desired, 

STOCK SIZES: Ends pressed from 
Boiler Quality or Ship Quality Mild Steel 
up to 4 in. thickness, in most sizes up to 
7 ft. diameter, are normally 
from stock 
SEMI-ELLIPSOIDAL HEADS can be 
produced on the Rotarpress ; diameters 
§ ft. to 15 ft. ; thicknesses 7 in. to 4 in 
For details, please ask for List No. ED 96§, 


available 





Phone: GREenwich 3232 (22 lines) 


AS} 
































HIGH PRECISION 





BORING 
AND 
MILLING 

MACHINES 


spindle diameters 


3/7 


8 


at 
3” 








AZETA S.R.L. 


Machine Tools 
Viale Tunisia 4l- 
Milano _ Italy 














MOTOR WITH REDUCTION 
GEARS for powers up to 30 h.p. 
Ratios up to 200: 1. Suitable for 
horizontal or vertical flange 
mounting. 


MOTOR VARIATORS for powers 
up to |5 h.p. with a speed range of 


3:1 to 6:1. Possibility of rotation 
in both directions. Automatic brake 
optional. 


COMBINED UNITS between :— 
Motor-variator-reduction gear. Motor- 
variator-reduction gear and brake. 

Motor-fluid drive-brake and reduction 





**Redco’’ Motor with 


gear (for the control of cranes). Motor- Reduction Gear MC80, 
reduction gear and _ electromagnetic 8 and 12 h.p., pole- 
Please ask for bulletin friction clutch. Motor-brake-friction changing motor, 16 or 
58-8. clutch and reduction gear. 32 rpm output, witt 


automatic brake. 


MOTORS WITH REDUCTION 
GEARS AND VARIOUS 
COMBINED UNITS 





DITTA ENRICO VIGNELLI, MILANO (ITALY) 
Via Montebello 27, tel. 650114 
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VERTICAL The miller that “ stays ,, on the floor and Ritts 
eliminates knee vibration RSs sss: 34 


MILLING Hydraulic copying attachment 
MACHINE / 


FVM .5 





































































































































Sole agent: 
Cyril Adams & Company (Special Projects) Ltd. 
y 10-74 City Road 
: LONDON E. C. 1 
th 
0, 
at Table . oo ‘ 98%" x 20" 
tt Spindle . , j ‘ ° ASME 2%" 
Power required . ‘ : HP 38 









Weight = ‘ : ; 7 lbs 18430 








MACHINE TOOL BUILDERS 





EXPORT OFFICE 
MILANO (italy) - Piazzale P.ssa Clotilde 8 - Phone 637-193 
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We invite applications for 
representation or agency 
in unrepresented areas. 


Please send applications to 
BOLOGNA (italy) 


Please refer to Pictorial Supplement 
in this issue for details of our 
equipment. 


APPARECCHI ELETTRONICI “MARPOSS” — Via Stalingrado N.9 -—— BOLOGNA (italy) 










Equipment for checking 
external diameters 






















Officine 


AS6 


BERGONZI | 
RADIAL & VERTICAL DRILLING MACHINES " DONATI” BENDERS i 





Via ACQUANEGRA 41-43. Tel. 23-684 








(Established in 1932) 


A complete range of electro-hydraulic 
tube bending machines from }"’ to 3” 





The new automatic model 40/0DA 
of the oldest Italian firm 





* Dr. Ing. G.B. DONATI DE-CONTI 
Meccaniche “ANGELO BERGONZI” MILAN (Italy) 


PAVIA-ITALY 
Via Carducci II. Phone 877-264 
Works & Head Offices: 
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S ROCLO PRESENT THEIR RANGE OF 
. 


HORIZONTAL BORING MACHINES 












Horizontal Boring Machine Type AL 76 


Spindle dia. 3 
18 Spindle speeds from 8.5 to 1500 rpm 
Table dimensions 36” x 48” 
Cross traverse 43” or 80” 
Net weight 6.7 tons 


Horizontal Boring Machine Type AL 55 
Spindle dia 2°18 

18 Spindle speeds from 23 to 1380 rom 
28 «22 





Table dimensions 















Cross traverse 23 of 40 


Net weight 








Horizontal Boring Machine Type AL 92 
Spindle dia 58 

16 Spindle speeds from 7 to 1210 rpm 
Table dimensions 





40 


« 50 








Net 





' 
weig ! 


INDIVIDUAL CATALOGUES ARE AVAILABLE IN WHICH OUR MACHINES 
ARE DESCRIBED IN DETAIL. PLEASE APPLY FOR CATALOGUES DIRECT 1 


S$. ROCCO vis swonteio 7-monza . 


. 
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UNIFICATORE 


Lathe accessory outfit for internal 
and external turning 


= —— . — — a 


ie" 
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BREVETTO 


NATIONAL FACTORY FOR TOOLS AND TOOL 


[ HOLDERS FOR INTERNAL AND EXTERNAL TURNING 
Patented Designs 


Graduated Bars in Specially Treated Steel 
INTERNAZIONALE 


PIACENZA - VIA RIGLIO, 12 - TEL. 29-98-C C POST 25-1912 


Sole Agents in the U.K.: Messrs. A. A. Jones & Shipman, Narborough Road South, Leicester. 
London Office: Murray House, 5 Vandon Street, Buckingham Gate, S.W.|. 
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Si MILLING MACHINES 














UNIVERSAL 
VERTICAL 
HORIZONTAL 








a 











DIE-COPYING 

TABLE wax 7 fw x 9% 47)" « Wk” 9 63 14} 
POWER | CV | | CV 3 CV 5 | CV 10 
WEIGHT } |b. 1100 =f  1b.3400 =f tb. 4700 Ss stb. 7100 





OFFICINE RIVA - VARESE - ITALY 


Sole Selling Agents for United Kingdom 


THOS. W. WARD LTD 


ALBION WORKS . SHEFFIELD 


‘PHONE: 26311 (22 lines) é' ‘GRAMS: ‘FORWARD SHEFFIELD’ 
LONDON OFFICE : BRETTENHAM HOUSE © STRAND W.C.2 PHONE : TEMPLE BAR 15/5 
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Oh! The curse of it. 


A sales meeting in half an hour and still a stack of correspondence to deal 
with! And there he is, hanging on to that telephone doing precisely nothing. 
Except fume! And fret! But why, oh why, does he do it ? He’s such an 
efficient fellow himself and a stickler for efficiency throughout the 
organisation. Why on earth doesn’t he install the FONADEK ? No more 
times wasted “‘holding on’’. Just hang the telephone on the FONADEK and 
your hands are free. You speak to it; it speaks to you. And you are free to 
carry on doing whatever you wish to do during those otherwise infuriating 
spells when conversation is interrupted. Why not send for full particulars 4 
right now? Just write’ FONADEK" on your letter-head; we will 

do the rest. 


shia ai saves time, temper and money! 


FONADEK (BRANSON) LTD:VIVIAN ROAD: HARBORNE’* BIRMINGHAM 17° Telephone HARborne 226; /8 
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RELIABILITY AND 


PERFORMANCE 
g» hearted ton heared © 


S 


] 
p 


iy 


aly 
\\ Nin N\ 


The name’s the thing when quality goes with it. 
light glands, tight seats and long life is our 

name for quality, as you'll discover when you 

use our valves. From 18” valves for steam to 
' valves for air—manual operated or auto- 

matic, you can be sure to find a valve to meet 
our specification in our latest range. 


insist on 


; 
Qsatity VA ae 


to-day for details: 
' & MITTON LTD., OCOZELLS ST. NORTH, BIRMINGHAM | 
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TURQUOISE OF COURSE! 


Turquoise pencils are famous for :— 


SMOOTHNESS Millions more tiny graphite 
particles are compacted into every length of 
Turquoise lead. This gives perfect silky 
smoothness without flaws and means swift, 
effortless work, saves time and energy 


BLACKWESS Lines drawn with a Turquoise 
are always crisp and uniformly black due to 
wonderful 100°,, Electronic Graphite which 
guarantees maximum density 


STRENGTH The compact lead that results 
from this 100°,, Electronic Graphite will take 
a needle point and hold it under great pressure 
Saves annoyance and frequent sharpenings 
DURABILITY Turquoise lead is so compact 
that the longest line remains uniform in width 
and blackness yet will rub out without trace if 
required. 

GRADING ‘Turquoise pencils are available in 
17 grades—from 9H to 6B reliably and um 
formly graded and thoroughly checked 


NOW voc cccsanue 9 


BAGLE 


ALSO AVAILABLE 
Turquoise drawing leads 
2B to 6H 


Tenaga ero 
URQUOISE 
drawing pencils 


PENCIL COMPANY ASHLEY BROAD TOTTRNHAM wi? 


Aol 


































LOSS OF a 
EFFICIENCY HERE gg 


th rough vibration 


° or ‘whip’ e 


4 f 

. 

When machines musi operate 
\ 

under load fluctuation : 


or conditions of misalignment 


DUNLOP FLEXIBLE COUPLINGS HELP SMOOTH WORKING 








Dunlop Couplings consist of flexible rubber 
elements bonded to metal ends. The rubber 
can be compounded with varying degrees 
of stiffness as required by the task the 
coupling has to do, but the physical pro- 
perties are always controlled within fine 
limits. Dunlop Flexible Power Transmission 
Couplings can be used with confidence in 
applications where precision is vital. 

DISC COUPLINGS 

For heavier equipment, operating at up to 
96 h.p. per 100 r.p.m. 

BARREL COUPLINGS i 
For light machines and motors, operating : 
at up to 0.54 h.p. per 100 r.p.m. 























For any problem in precision rubber engineering 


CONSULT JFOUNLOP AT BLUE-PRINT STAGE 


Dunlop Rubber Co, Ltd. ( Engineering Components Division), Fort Dunlop, Erdington, Birmingham 24 





asec/pcs 
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PITMAN 


technical books 








PRACTICAL ENGINEERING 
METROLOGY 


By K. W. B. Sharp, B.Sc., A.M.I.Mech.E., etc. This 
new book deals chiefly with the fundamentals on 
which the student can build. It describes a variety 
of methods and covers much of the existing exami- 
nation requirements. 30/- net. 


AN ELECTRONIC ORGAN FOR 
THE HOME CONSTRUCTOR 

By Alan Douglas, M.I.R.E., M.A.I.E.E. A do-it- 
yourself book which gives straightforward instruc- 
tions for building an inexpensive electronic organ. 
Compact and easily transportable, the instrument 
has been specially designed for use in church, hall 
or home. 15/- net. 


WATER IN MINES AND MINE 
PUMPS 

By John Sinclair, M.Eng., Ph.D. This new book 
deals with the occurrence of water in mines and 
with the choice of pumps for different types of 
work at collieries. 27/6 net. 


AUTOMATIC VOLTAGE 
REGULATORS AND STABILIZERS 


By G. N. Patchett, Ph.D., B.Sc.(Hons., Lond.), etc 
This comprehensive, authoritative book covers all 
types of voltage regulator, from those of a few 
watts output to those controlling thousands of 
kilowatts. 50/- net. 


STRENGTH OF MATERIALS 

By F. V. Warnock, O.B.E., M.Sc., etc. 8th Edition 
The standard work on the subject. Covers the 
syllabuses of the B.Sc.(Eng.), 1.C.E. and |.Mech.€ 
examinations in strength of materials Pitman's 
** Engineering Degree ' series. 25 - net 


STEAM TURBINE OPERATION 

By W. J. Kearton, D.Eng. 6th Edition. A first-class 
textbook on the installation, running, maintenance, 
and testing of steam turbines. 35 - net 


Parker Street, Kingsway, London, WC2 
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think of 


There is no need to clutter up your mind 

with a lot of details about seals if you just 
remember that there is a SuPerfect Seal for every 
application. The experience gained over 25 years 
in overcoming every possible sealing problem is at 
your command and technical representatives, in 
all parts of the country, can call on you at the 
shortest notice. 


SUPER OIL SEALS & GASKETS LTD., 


F 





FACE TYPE SEALS 
ROTARY SEALS 


i 
' 
a 
7 RECIPROCATING SEALS 
: SPLIT SEALS 

i ‘O’ RINGS, ETC. 

A 


CTORY CENTRE, BIRMINGHAM, 30 
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@ DEGASIFICATION OF MOLTEN 
METALS 


For the degasification of iron 
and steel melts, use is often made 
of large vacuum chambers gener- 
ally arranged below floor level. A 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





recently patented process points 

out that these installations are complicated and 
cannot be incorporated in ordinary steelworks. 
However, it is stated that these disadvantages 
can easily be overcome by the new process, 
which is based on the idea that a predetermined 
amount of metal can be thoroughly degasified if 
it is not considered as a whole, but if portions of 
it are degasified in succession. These degasified 
portions are again added to the metal remaining 
behind, as often as necessary, to obtain the de- 
sired degree of degasification of the whole of the 
metal. The process employs a vacuum vessel 
placed over a container for the molten metal, 
into which the metal is drawn up through a pipe, 
degasified, and then allowed to run out again. 
The novel feature of this process is that only a 
portion of the amount of metal to be degasified 
and present in the container, e.g., a ladle, is 
introduced each time into the vacuum vessel. 
After this portion has been degasified, it is 
returned through the same pipe to the metal 
remaining in the ladle. These operations are 
repeated a number of times, until the whole 
amount of metal to be treated has reached the 
desired degree of degasification. The filling and 
emptying of the vacuum vessel in portions can 
take place simply by altering the depth to which 
the pipe dips into the metal in the container. 
For this purpose, either the vacuum vessel or the 
container arranged below is so arranged that 
their distance apart can be periodically varied. 
It is stated that an installation having a fixed 
vacuum vessel, charged from a ladle mounted 
on a truck having a platform of adjustable height, 
has proved satisfactory. 


@ DIRECT-READING VISCOMETER 

A convenient, simple, direct-reading vis- 
cometer has been developed for measuring the 
kinematic viscosity of liquid in a continuous- 
flow process, and will be used to obtain data 
on hydrocarbon fuel in the adjustment and 
calibration of fuel-metering accessories for air- 
craft engines. The precise adjustment and 
calibration of fuel-metering and control com- 
ponents prior to installation is necessary to 
secure optimum performance in flight and, as 
fuel-rate instruments are sensitive to the effects 
of liquid viscosity, a convenient method of vis- 
cosity measurement is required. The usual 
OCTOBER, 
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method of viscosity determination involves the 
measurement of the time required for liquid to 
pass through a capillary, and a subsequent 
graphical or analytical conversion to viscosity is 
necessary, but such a technique is obviously not 
suitable for continuous indication of viscosity 
The new instrument, on the other hand, permits 
viscosity to be read from a single manometric 
column, without corrections or calculations. 
Essentially, the equipment consists of two flow 
restrictions of different configurations, a capil- 
lary and an orifice, in series. Manometers are 
provided for indicating the total loss in head 
across both restrictions and the loss in head 
across the downstream restriction only. If the 
total loss in head is maintained at a constant 
value when passing different liquids, then the 
loss in head across the downstream restriction is 
a direct function of the kinematic viscosity. This 
value is read directly from a scale calibrated in 
appropriate units and placed next to the second 
manometer. Viscosity values are said to be ob- 
tained with an accuracy of 2°%, and the instru- 
ment can be considered to provide a convenient, 
rapid means of viscosity measurement 


@ DEFECTS IN ALLOY-JUNCTION TRANSISTORS 


A recent investigation of typical indium- 
germanium p-n-p junctions with diameters larger 
than 0-05 in. shows that characteristic defects in 
these large-area alloy-junction transistors are 
incomplete junctions resulting from unwetted 
areas, irregularly contoured junction fronts, and 
poorly deposited regrown germanium. Natur- 
ally, each of these defects must be avoided in 
order to obtain ideal junctions, which are essen- 
tially planar at the germanium p-n junction and 
also at the indium-germanium interface, and 
which are, in addition, free from unwetted areas 
An unwetted area occurs when the molten 
indium has been prevented locally from con- 
tac’ ing and alloying with the germanium, while 
irregularly contoured junction fronts, which are 
similar in effect to that of an unwetted area, arise 
when the indium is alloyed on the underside of 
the germanium pellet. In this case, the recry 
stallizing germanium 1s prevented from deposit- 
ing on the base germanium in isolated juncuons, 
so that the front of the p-n junction is irregular 
in appearance. The flatness of large-area junc- 


423 





Reciprocating engines and air compressors attain 
their higher efficiencies through the use of smaller 
working clearances and relatively high speeds of 
revolution. Clean air, essential to such high 


performance machines, is reliably obtained at 


Graph of Rotonamic efficiency percent- 
age plotted against dust particle size. 


EFFICIENCY-PERCENT 


Engine air 
filtration 
without 
maintenance 


low cost through Rotonamic filtration. 


10 


PARTICLE SIZE — MICRONS 








Air entering a Rotonamic panel 
at A is centrifuged at speed by 
the helical vanes. 10% of the 
air conveys dust to the bleed-off 
tube at the base of the panel. 
The remaining 90%, cleaned 
and filtered, reverses direction, 
enters the tube and exits at 
Point B. 


The illustration shows 

a Rotonamic panel 
comprising multiple 
static vanes which 
impart a whirling motion 
to the air entering the 
panel. The dust is 
centrifuged from the air 
and is bled off to 
atmosphere or dust bin. 


Rotonamic air filters are self-cleaning and have no working parts to wear. These filters are 


extremely efficient and easy to maintain. Please write for leaflet FRC9. 


Rotonamic filters are made in England by Intermit Limited 


for high efficiency at low cost... interpose an 
INTERMIT Far-Air Rotonamic 


INTERMIT LIMITED 


BRADFORD STREET 


+ BIRMINGHAM 5 


- PHONE MIDLAND 7961 


MEMBER OF THE 


bf 


BIRFIELD GROUF 
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tions in transistors is generally absent. The most 
prevalent junction fronts have a small planar 
area at their deepest penetration and irregularly 
curved boundaries extending to the surface. 
Such irregularly shaped junctions result from the 
variability in wetting of the molten indium dot to 
the germanium pellet in a reducing-atmosphere 
furnace. With regard to the observed aspects of 
the formation and subsequent liberation of gas 
bubbles as a function of dislocation density and 
temperature, tests were carried out in which the 
alloying procedure first consisted of heating the 
pellets to 400°C with the dots in the normal top- 
side position, and then turning them over and 
alloying to 550°C with the dots on the underside 
of the pellets. The results showed no essential 
difference between the incidence at 400°C of 
unwetted areas on zero- and high-dislocation- 
density germanium. The nature of the unwetted 
areas differed, the bubbles in the dot of the dis- 
location-free sample corresponding to depressed 
spherical cavities in the germanium regrowth, 
with the n-type base exposed. In contrast, the 
regrowth on the high-dislocation-density crystal 
showed both this type of porosity and typical un- 
wetting. The investigation shows that defects in 
the junction structure of these large-area alloy 
junction transistors are associated with the 
presence of oxide films on the indium and 
germanium surfaces. When germanium crystals 
with a very low dislocation density are used, 
these defects are largely minimized. With dis- 


location densities of the order of 5000 per cm’, 
alloying after prior thermal de-oxidation in a 
reducing furnace has a similar effect. 


@ FREE-PISTON AIR COMPRESSORS FOR 

LOCOMOTIVE PROPULSION 

A Chinese engineer working in Russia has 
published proposals to utilize free-piston air 
compressors as a means of modernizing existing 
steam locomotives by converting them to pneu- 
matic operation. The steam engine of the loco- 
motive remains the actual propulsion unit, but 
operates with warm air introduced from a free- 
piston air compressor and additionally heated 
in an intermediate heat exchanger, utilizing the 
exhaust gas of the diesel cylinder of the free- 
piston compressor. A distinguishing feature of 
the proposals is the use of specially humidified 
air, which enters the compressor cylinder and, 
after a two-stage compression to about 215 psi, 
passes to the heat exchanger, where it is heated 
by the exhaust gas to about 380°C. Whilst 
pneumatic traction systems have long been 
known, it is considered that improved efficiency 
and reduced weight, sufficient to make this sys- 
tem attractive, are possible only with the use of 
the free-piston air compressor. Furthermore, 
the use of humidified air improves the efficiency 
of the installation and reduces temperature to a 
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level compatible with the limits of modern steam 
locomotives, i.e., 340 to 420°C. In this connec- 
tion, an analytical study of these proposals 
seems to indicate that, in this temperature range, 
the efficiency of the proposed system exceeds 
30%. A 2000-hp locomotive would require a 
compressor cylinder of about 27 in. diameter, 
operating at 800 cycles per minute. Water re- 
quirements are stated to be quite modest, so that 
the cost and weight of the installation should be 
much lower than those of a comparable modern 
diesel-electric locomotive power unit. 


@ IMPROVED EQUIPMENT FOR TRANSMITTING 
ULTRASONIC VIBRATIONS TO LIQUIDS 
Although ultrasonic equipment for the treat- 

ment of liquids or for promoting the cleaning of 

articles immersed in a liquid is generally avail- 
able, it is not generally recognized, according to 

a recent patent, that by far the greater part of 

the ultrasonic energy produced is wasted. Thus, 

tests appear to have established that, when a 

glass container is placed on a transducer, with 

the contacting surfaces carefully ground to 
produce maximum contact, there is a large loss 
of energy at the junction, even when oil is used to 
bridge any slight gaps. Similarly, when a con- 
tainer is held in apparently tight engagement 
with the transducer by weights, springs, or even 
bolts, considerable energy loss occurs. In fact, 
it is estimated that, with a threaded connection, 
as much as 75% of the energy may be lost, 
possibly because of the presence of a very thin 
layer of air over a substantial part of the threads 
Bearing these facts in mind, recently patented 
ultrasonic equipment is intended to improve the 
efficiency of wave-energy transmission from the 
transducer by providing an effective transmission 
path through media of similar acoustic imped- 
ance. To produce improved joints between the 
transducer and the elements through which the 
waves are transmitted, a continuous path 1s 
provided through metal elements which are 
connected to each other by metallic joints 
formed by welding, brazing, or soldering with 
suitable bonding metals. Naturally, the temper- 
ature required for making a solid joint for this 
purpose must be lower than that at which the 
magnetostrictive properties of the metal forming 
the stack are adversely affected, and silver 
brazing metal seems especially suitable for this 
requirement. Another important feature 1s the 
provision of an acoustic wave generator com 
prising a magnetostrictive transducer and a 
wave-transmission block connected by a solid 
joint. A characteristic of this generator involves 
the length of the transmission block, which, con 
trary to general belief, need not have an acoustical 
length equal to half of the wave-length of the 
operating frequency of the transducer or a 
multiple thereof, but can, if desired, have a 
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length equal to less than half a wave-length. In 
addition, the transducer and wave-transmission 
block unit are free from lateral contacts. Other 
features include an improved cooling arrange- 
ment, vibration-blocking insulation on _ the 
submerged end of the transducer, and a circu- 
lation system for the liquid in the container, 
arranged to avoid damping of vibrations. 
Furthermore, minimum damping effects of the 
container itself are achieved by mounting it 
entirely on a pendulous and resilient support, 
engaging the upper part of the container only 
and leaving the lower part free to follow the 
ultrasonic vibrations without any restriction. 


@ MAGNETIC-FORCE WELDING OF 

VINYL-CLAD STEEL SHEET 

A recent report describes a method evolved 
for welding vinyl-clad steel sheet without caus- 
ing damage to the nearby coating, which softens 
and blisters at about 300°F. Obvious require- 
ments are an extremely short welding time, of 
the order of 14 milliseconds, with a correspond- 
ingly high energy release in the weld zone for 
melting the steel, so that the two members will 
fuse. Also, the welding force must build up fast 
enough to forge the part to be attached to the 
coated steel at the instant the steel is molten, 
while the current must be brought indirectly to 
the weld zone through the uncoated side of the 
metal, since vinyl is an excellent insulator. These 
requirements call for projection welding in which 
a dimple is punched in the piece below to give a 
concentration point for the welding current, thus 
avoiding shunting between the sheets that would 
rob the weld zone of current. The special weld- 
pressure requirements were solved by adopting 
magnetic-force welding, which was originally 
developed for joining electrical contact materials 
requiring local heating and careful control of 
welding force because of their narrow plastic 
range. For such materials, welding force lags 
behind the heating current, but, with vinyl-clad 
steel, the welding time is so short that this lag is 
enough to prevent the follow-up force from de- 
veloping before the weld zone starts to cool. The 
procedure had therefore to be reversed, and this 
was effected by altering the circuit, introducing 
separate transformers and controls. In this way, 
the magnet transformer is energized before the 
welding transformer, so that the necessary force 
iS present in sufficient strength when the projec- 
tion reaches melting temperature. 


@ PHOTOCOMPOSITION OF ELECTRICAL 

DIAGRAMS 

A special photocomposing machine has been 
developed for the preparation of electrical cir- 
cuit diagrams from freehand sketches, made on 
sheets ruled specially for the purpose. The 
sketch is passed to the operator of the machine, 
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and the finished diagram, 8} 10 in. in size, 
emerges ready for photographic developing and 
duplicating by any of the usual procedures. The 
horizontal and vertical lines on the graph sheet 
are numbered, thus making it easier for the 
operator of the composing machine to locate the 
lines and symbols making up the electrical cir- 
cuit. The composing machine incorporates 
matrices which are brass keys, each containing 
a film negative with the image of the electrical 
symbol and its connection points, individual 
matrices being provided for the horizontal and 
vertical circuit lines. The operator sets each line 
of the circuit by typing it out on the keyboard of 
the machine; as each horizontal and vertical line 
is set, the symbols are exposed individually on a 
film positive. The symbols are automatically 
returned to their storage place, and the film then 
advances a prescribed distance to prepare for 
the next line. When the entire electrical circuit 
has been set, the film is removed from the 
machine and developed in a darkroom. Nomen- 
clature, wire identifications, and pertinent notes 
are set on a separate film positive in the same 
manner as the electrical circuit. A position indi- 
cator is provided which enables the operator to 
set these identifications accurately, so that they 
line up and overlay the electrical circuit. The 
final diagram is made by combining the two 
positives, which are overlaid with a film con- 
taining the title blocks and are contact-printed 
to make the final tracing. 


@ TREATMENT OF WATER-COOLED CHILL 

MOULDS 

A new method of treating water-cooled 
centrifugal-casting chill moulds is stated to be 
applicable both in the manufacture of new chill 
moulds and in the renovation of worn chill 
moulds. In both cases, the final dimensions of 
the internal diameter of the cylindrical mould 
are achieved by a pushing or drawing operation 
applied to the hot mould by means of a die ring 
which is combined with a machining operation 
performed on the internal diameter of the 
mould. Thick-walled hollow-mould bodies can 
be produced in various ways with an internal 
diameter exceeding the final size by a certain 
amount, and the subsequent drawing operation, 
in addition to elongating the body, so reduces 
the internal diameter as finally to produce the 
finished size almost exactly. In this way, work 
pieces of excellent mechanical and thermal pro 
perties and of uniformly accurate dimensions 
are obtained. If desired, hollow bodies can be 
produced with an internal diameter correspond- 
ing to the finished size, and the internal dia 
meter can be enlarged by machining to such an 
extent that the finished size is once again 
achieved during the subsequent drawing opera 
tion. Alternatively, the internal diameter of a 
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worn hollow body can first be contracted to less 
than the finished diameter by drawing, and the 
excess material then removed by machining. It 
is claimed that this method is of particular im- 
portance in the case of centrifugal-casting chill 
moulds of the type used for casting tubes of cast 
iron, where the mould is subjected to consider- 
able heat stresses and mechanical attack. The 
life of such moulds is known to be limited, as 
the continuously varying thermal stresses after 
a comparatively short period lead to crazing of 
the inner mould surface. The drawing process 
is said to be comparatively simple and inexpen- 
sive, so that a considerable saving in the opera- 
ting cost of the moulds is achieved. If desired, 
the drawing operation may be followed by a 
heat treatment, such as tempering. 


@ GOLD-IMPREGNATED GERMANIUM 

SEMICONDUCTORS 

A recently proposed method of improving 
semiconductor devices makes use of the fact that 
gold can be employed as an activator impurity 
element for imparting asymmetrical conduc- 
tivity to germanium, and is based on the dis- 
covery that, if the concentration of gold atoms 
in high-purity germanium with an initial resis- 
tivity greater than | ohm-cm at 25°C is from 10" 
to 10 per cm’, unexpected results are obtained 
as a result of the impregnation. Thus, such de- 
vices have unusually pronounced thermoconduc- 
tive properties, i.e., changes in resistivity with 


changes in temperature, in the range between 


-200 and —100°C, but still retain absolute 
magnitudes of resistivity over this low tempera- 
ture range. As a result, they can be used as 
thermosensitive control elements in electrical 
circuits, capable of operating in an entirely 
different manner at adjacent low temperatures, 
e.g., between the temperatures of liquid oxygen 
and liquid nitrogen. At lower temperatures, 
however, e.g., the temperature of liquid helium, 
such devices have a much more limited utility, 
on account of their exceptionally high resistivity. 
In addition, these gold-impregnated germanium 
devices provide exceptionally pronounced photo- 
conductive properties between 200 and 

100°C, and useful photoconductive properties 
between — 100 and -+-70°C. Thus, particularly in 
the low-temperature range‘ they exhibit a high 
degree of change in resistivity level for different 
intensities of impinging light, especially infra- 
red light. The absolute magnitudes in the range 
of resistivity of these photosensitive germanium 
devices under incident light at these low tem- 
peratures enable them to serve as efficient photo- 
sensitive control elements for electrical circuits 
and especially as infra-red detectors for long 
infra-red wavelengths, e.g., from 4 to 10 microns. 
A germanium semiconductor device of this type, 
with different values of electrical resistivity at 
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various temperatures between — 200 and +-70°C 
basically consists of high-purity crystalline ger- 
manium impregnated, as stated, with from 10" 
to 10° atoms of gold per cm®*, and a pair of elec- 
trodes. The germanium may be impregnated by 
fusion and diffusion of a gold contact in the ger- 
manium body at a high temperature, e.g., 500°C, 
but preferably by adding the gold to a german- 
ium melt, from which a gold-impregnated crysta! 
is grown. 


@ ADHERENT FLAME-SPRAYED REFRACTORY 

COATINGS 

While the technique of flame spraying has 
been applied both to metals and to ceramic 
materials such as refractory oxides, the latter 
have not always proved successful for a number 
of reasons. Thus, in many instances, attempts 
to coat surfaces with ceramics involve the de- 
position of a glassy coating on the surface, 
resulting in the production of an amorphous 
coating. These coatings have generally been 
unsatisfactory for high-temperature work, be- 
cause the glass and the underlying substrate 
have different coefficients of thermal expansion, 
so that the interface between them is usually 
stressed by heating or cooling. Because of the 
brittle nature of glass, these stresses frequently 
cause failure in the coating by cracking or chip- 
ping. A recent proposal, however, is to make 
use of materials which are refractory but not 
glassy, i.e., they retain the crystalline structure 
of the starting materials without forming an 
amorphous glass composition during or after 
deposition of the coating on the surface by 
flame spraying. The new process involves 
flame-spraying the refractory material onto a 
surface under such conditions that the resulting 
coating is securely bonded to the surface and, 
in most instances, provides a refractory thin 
outer shell. The coating can be applied not only 
to metal surfaces but also to such materials as 
glass and concrete. Applications include the 
coating of metal surfaces for use in rocket 
nozzles or any other requirement where a 
metal surface must be modified to adapt it for 
extreme high-temperature conditions. The im- 
proved results obtained with the new process 
are believed to be due, in part at least, to recog 
nition of the fact that the coating applied by 
flame spraying should retain its crystalline 
characteristics and should be a sintered, rather 
than a completely fused, coating. As it fre 
quently happens that the sintering temperature 
of the coating material is higher than the tem 
perature reached by the particles in the flame 
during spraying, use is made in the composition 
fed into the flame of a flame catalyst, ic, a 
material capable of catalysing the oxidation 
reaction taking place in the flame and thereby 
raising the temperature of the catalyst surface 
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Cleaning and Decontaminating Procedures for Components 
of Electronic Devices 


By F. J. Bionpt. (From Bell Laboratories Record, U.S.A., August 1958, pp. 288-293, 5 illustrations.) 


EXPERIENCE shows that the life and reliability of many 
electronic devices now appear to be more dependent on 
the contaminating influences of the impurities associated 
with the materials of construction than on the inherent 
behaviour of the materials themselves. In this connection, 
the Bell Telephone Laboratories Electronic Materials and 
Process Development Department has for some time been 
evolving new techniques to determine the presence and in- 
fluence of electronic-device contaminants, together with 
processes to reduce their level. 

Undesirable contaminants have been divided into five 
groups, i.e., (1) physical contaminants such as dust, lint, 
and minute metal fragments ; (2) ionic contaminants, 
generally water-soluble acid or plating residues ; (3) 
contaminants soluble in solvents other than water, 
principally mineral greases and oils ; (4) chemically com- 
bined contaminants such as polar organic materials, 
oxides, and sulphides ; and (5) gaseous contaminants that 
may be adsorbed, absorbed, or generated in the device. 

The cleaning problem was separated into two parts, 
the first being the development of simple tests to measure 
the degree of contamination present, and the second being 
the development of suitable techniques to eliminate or 
materially reduce the level of contamination. 

In studying physical contaminants, it was discovered 
that the presence of dust on the components of modern 
electronic devices has three principal effects, i.e., (1) some 
particles are large enough to bridge the close spacings, 
and thus provide leakage paths between parts ; (2) many 
particles decompose, yielding gaseous or other end- 
products whose presence is deleterious ; and (3) the finer 
particles have immense surface areas. Many unwanted 
gases and chemicals are adsorbed on these areas. 

With dust and lint, the first problem was to determine 
how to measure the size and amount present, and then to 
make changes in air filtering and treating procedures to 
supply electronic-device assembly areas with the cleanest 
air possible with available commercial equipment. The 
next problem was to determine the contribution made by 
personnel or their operations to the dust-lint level in an 
area, and to devise means for reducing these contribu- 
tions. Finally, efforts were made to demonstrate that all 
this effort was worth while in terms of improved life and 
performance of electronic devices. 

One testing procedure essentially consists of counting 
microscopically the size and quantity of dust and lint 
particles falling on a clean glass dish in the area under 
investigation, generally for one working day ; another 
technique comprises measurement of dust content by the 
light-scattering principle, while a third method of testing 
employs a miniature electrostatic precipitator which 
collects the dust particles on a weighed aluminium sleeve 

The testing of air filtering and conditioning required 
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experience with several different arrangements of filters 
and conditioning equipment. As a result of extensive 
tests, it has now been found possible to supply critical 
assembly areas with air containing considerably less dust 
than that which can be maintained when personnel are 
working in these areas. 

Because personnel and their clothing are a principal 
source of dust and lint, parts or assemblies are kept in 
clean containers, and assembly operations are carried 
out inside specially designed and controlled transparent 
hoods located in an already clean and conditioned room 
These hoods are pressurized with air drawn from the 
room through a filter on top of the hood 

Acetate gloves (adopted a number of years ago to 
reduce contamination of parts by fingerprints) have 
proved to be one of the principal lint- and dust-contribut 
ing items of apparel. These have been replaced by gloves 
woven from monofilament nylon threads, which are free 
from lint and sufficiently porous to make them comfort- 
able to wear. The palm side of the glove is coated with a 
continuous thin film of plastic which is impervious to 
perspiration and the transfer of body oils and skin scales 
In conjunction with this work, a polarized-light technique 
was developed for inspecting parts for fibres, and greatly 
improves ability to detect them 

Despite all these precautions, many dust particles 
remain on the surfaces of the parts, and must be removed 
before the parts are processed further. A convenient tech- 
nique to remove dust and lint from such parts has been 
developed, in which the work is immersed in the first 
section of a tank fed with tap water with a high surface 
velocity. In this section, loosely held physical contami 
nants are washed from the surfaces and swept away. Tap 
water is used in this operation, since the physical contami- 
nants must not be wet thoroughly, as they would sink and 
would not be carried out of the system. Water is circu- 
lated clockwise from one tank section to the next, while 
the work is moved counterclockwise. The part is next im 
mersed in the third section of the apparatus, which con 
tains hot tap water, a wetting agent, and ultrasonic trans- 
ducers. These agents combine to beat off the more firmly 
bonded dust and suspend it, enabling it to be carried out 
of the system. Finally, the part is immersed in the second 
section of the apparatus, which contains hot tap water to 
remove the wetting agent. Although this procedure 1s very 
effective in removing physical contaminants, it cannot 
remove contaminants embedded in metal parts 
must be removed by etching procedures 

After parts have been cleaned by these methods, they 
will still contain intolerably large amounts of ionic, 
chemically combined, and gaseous contaminants. The 
parts are also coated with thin films of organic materials 
which act as though they were chemically bonded 
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For several decades, distilled water has been used to 
remove water-soluble contaminants from _ electronic- 
device components. It has always been difficult, however, 
to supply sufficiently pure water in the quantities required. 
Consequently, a new source of ultra-pure water was 
needed. One important criterion of purified water is its 
electrical conductivity. The conductivity of normal 
distilled water ranges from 2-5 to 5-0 tmhos/cm, but, 
using tap water, with a conductivity of between 350 and 
450 umhos/cm, and a mixed-bed resin de-ionizer, it has 
been found possible to produce ultra-pure water with a 
conductivity of less than 0-1 pmho/cm at a lower cost than 
distilled water. In fact, it would require 27 successive dis- 
tillations in quartz to produce water with a comparably 
low conductivity. The use of this ultra-pure water gives 
rise, however, to an entirely new set of problems, since 
it is a solvent for many materials normally regarded as 
insoluble in less pure water. 

To remove ionic materials which may be residues of 
tap water or residues from acid or alkaline etches or 
plating baths, the parts are immersed in a counter-current 
extractor. Water surrounding the parts dissolves and 
removes the ionic contaminants. This technique can be 
made very efficient by recirculating the discharge water, 
which may have a conductivity of only a few pmhos/cm 
through a de-ionizer. A few gallons of ultra-pure water can 
therefore be re-used for many months of washing. 

The air, even in the best air-conditioned laboratories, 
contains organic materials in suspension. These materials 
exist as vapours or are carried as films on extremely fine 
airborne dust. Within a few minutes to a few hours, any 
part exposed to such air is covered by a thin film of water- 
insoluble organic material. Furthermore, some of these 
organic materials associate themselves so intimately with 
the surfaces that they act as though they were chemically 
combined and are therefore very difficult to remove. 

The problem in this instance was to develop methods 
to detect and measure the thickness of such films, to 
devise simple methods for their removal, and finally to 
develop procedures for preventing the recontamination 
of the parts, once they have been cleaned. The well- 
known water-break test is based on the fact that, if a 
greasy surface is dipped into water, the water will gather 
in some spots and will avoid others. In the atomizer 
spray test, fine droplets of water are sprayed onto the test 
sample, and their tendency to coalesce and form a thin 
uniform film is observed. It has, however, been estab- 
lished that parts which pass the water-break test may have 
organic films on them of the order of 14 molecular layers 
in thickness. On the other hand, parts which pass the 
atomizer spray test will generally have organic films of 
less than one-tenth of a molecular layer. Nevertheless, a 
readily available clean surface for calibrating the testing 
system used was also required. This requirement was met 
by employing high-quality mica sheets, which can easily 
be split to provide a fresh surface uncontaminated by 
organic material. This freshly split surface is sprayed and, 
if the fine droplets immediately coalesce, the test system is 
clean and the sample parts can be tested. 

Using this simple test and the calibration specimen, 
techniques have been evolved for removing the tightly 
bonded organic films. The classical processes employed 
by the electronics industry, such as trichlorethylene de- 
greasing, vacuum firing, hydrogen firing, and acid etching, 
do not remove these films. The only effective way found 
to remove tightly bonded organic films was substantially 
to alter or to split the organic molecules. A convenient 
technique was to expose the films to oxidizing conditions, 
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such as heating the parts in air at 400°C, boiling them in a 
3° solution of hydrogen peroxide, or exposing them to 
the action of oxidizing acids. If the part in question can- 
not tolerate the resulting lightly oxidized film, it can be 
removed chemically or by reduction in an atmosphere of 
hydrogen. 

In addition to the contaminants discussed above, the 
compositional chemistry of the materials has also been 
controlled carefully. For example, in metals used in 
electron tubes, any contaminants with a high vapour 
pressure are limited to a very low level, as they might 
create leakage paths on the spacer micas or place im- 
purities on the cathode ; these impurities, in turn, might 
form insulating compounds between the cathode metal 
and its coatings. 

Another contaminant of great concern is the gas 
adsorbed in the materials of construction. In electron 
tubes, such gases are obviously important, since it is 
desired to obtain a good degree of vacuum with some of 
the parts operating at temperatures as high as 1200°C. 
Equally important, some of the gases, even though in a 
high vacuum, may be reducing, while others may be 
oxidizing in nature, and these gases constantly influence 
the thermionic activity of the electron tube. As a result, 
techniques have had to be developed to de-gas parts more 
thoroughly and to reduce their potential for generating 
gas. Measurement and control of these contaminants 
require fairly complex equipment. 

An important element in any cleaning operation is to 
prevent recontamination of parts after they have been 
cleaned. Containers have been developed that can be 
cleaned and tested as though they were parts. It has been 
found possible to store clean parts in these containers for 
periods as long as one month without recontamination. 
Tools, fixtures, and heat-treating boats are cleaned in the 
same way as parts of devices. A convenient method for 
evaluating the cleanliness of the container is to insert a 
fresh, doubly split piece of mica. The mica testpiece is 
removed periodically to determine whether it continues 
to pass the atomizer test. 

It may be said that these studies of contaminants in 
electronic devices and the development of methods for 
determining the level of their presence and of techniques 
for their removal have proved of definite value. Thus, for 
example, the use of air conditioning in the assembly area 
for a high-vacuum pentode used in submarine-cable 
amplifiers greatly improved thermionic conductivity and 
reduced the range of variations, while the use of hoods 
and lintless gloves reduced the lint count to 50°, of its 
former value and reduced inspection time to detect lint by 
more than 65%. Similarly, the use of ultrasonics to 
remove contaminants reduced the carbon content of 
tungsten heaters (considered clean by former standards) 
from 0-01°,, to 0-002°,,, while the use of ultrasonic washes 
to remove loose carbon from the carbonized anode in a 
gas-filled thyratron provided the margin of difference 
needed to operate this valve under certain stringent con- 
ditions. In addition, removal of the physical, water- 
soluble, and organic contaminants of a travelling-wave 
tube resulted in increasing its thermionic emission by 
nearly 300°,, while yields in a silicon rectifier were 
increased by a factor of ten by the removal of chemically 
bonded contaminants near or across the junction. In 
short, it appears that these techniques may be used to 
improve the performance and life of electronic devices in 
many applications, and may even make it possible to use 
a particular device in an application which would 
hitherto have been considered impractical. 
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A True R.M.S Instrument for A.C. Signals 


By C. G. WAHRMAN. (From Briiel & Kjoer Technical Review, No. 3, July 1958, pp. 9-21, 13 illustrations.) 


THREE commonly used values for characterizing the 
magnitude of an a.c. signal are the average value, the 
peak value, and the r.m.s. value. Of these, the r.m.s. value 
of the signal is such an important quantity that it has 
become common practice to calibrate a.c. instruments to 
indicate the r.m.s. value of a sinusoidal signal, even if the 
instrument itself measures the average or peak value. 

The use of a sinusoidal signal for calibration has been 
found convenient because this wave-shape is very often 
met with in practice. This means, however, that the 
reading on the instrument meter will be incorrect when- 
ever other than sinusoidal signals are being measured. If 
it is desired to measure a non-sinusoidal voltage or cur- 
rent, it is therefore important to employ an instrument 
which really measures the r.m.s. value. 

In the case of relatively low-frequency signals, it is 
possible to use moving-iron or electrodynamic meters to 
obtain a true r.m.s. indication. At higher frequencies 
thermocouples or hot-wire meters can be used. These 
instruments, however, are slow and will normally not 
stand much overload. Basically, electrostatic-type meters 
could also be used but, unfortunately, these require a 
relatively high voltage to drive a normal indicating 
mechanism. It has therefore been common practice for 
the measurement of signals with frequencies up to the 
lower part of the broadcasting bands to use moving-coil 
instruments with associated rectifiers, the result being an 
arithmetic-mean type of instrument. In this paper, a 
method is described, in which the rectifier circuit used on 
these types of instruments can be modified to measure the 
true r.m.s. value of the input signal. 

The current/voltage characteristics of an ideal average- 
value rectifier and an ideal peak-value rectifier are shown 
in Fig. 1. In the case of the average type of rectifier, the 
ideal current/voltage characteristic is a straight line 
through zero, i.e., the instantaneous current / is propor- 
tional to the instantaneous input voltage e. In the case 
of the peak rectifier, the current is zero until the instan- 
taneous voltage exceeds the voltage of the capacitor used 
in the circuit. The current will then be relatively high and 
will charge the capacitor to a new peak value. In prac- 
tice, ideal rectifier characteristics do not exist, and the 
characteristics will be more like those shown dotted in 
Fig. 1. A schematic diagram of the circuit of an average- 
value rectifier is shown in Fig. 3a, and of a peak-value 
rectifier in Fig. 3b. 
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Fig. 1 Current/voltage characteristics Fig. 2 Current voltage characteristics 
of an average-value and a peak-value of an ideal and an 
r.m.s. value rectifier circuit 


rectifier circuit. 
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* approximated 


Fig. 2 shows the current/voltage characteristics of an 
ideal r.m.s. rectifier and of an “ approximated * r.m.s 
rectifier, i.e., a rectifier which is of neither the average 
nor the peak type. The ideal r.m.s. characteristic is a 
parabola, and it can be seen from Fig. 2 that, if the recti- 
fier characteristic is given a suitable slope, a much better 
approximation to the parabola is obtained than is poss- 
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Fig. 3. Schematic diagrams of (a) an average-value rectifier circuit and 
(b) a peak-value rectifier circuit 


ible with the average or peak type of rectifier circuit. The 
circuit of a rectifier giving the approximated r.m.s. char 
acteristic in Fig. 2 is shown in Fig. 4, while Fig. 5 shows 
how the characteristics are * displaced " as a function of 
the d.c. voltage E across the capacitor (¢ 
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\ - + 
Fig. 4. Circuit of an r.m.s. rectifier giving the approximated character 
istic in Fig. 2 


This displacement of the characteristics is equivalent 
to a multiplication of all the distances from the curve to 
the origin or a multiplication of all abscissae and ord) 
nates by a constant. This means that if, for instance, full 

scale deflection is obtained for a certain 
input voltage, half-scale deflection 
obtained for half the voltage, as long a» 
the wave-form of the signal is the same 
The meter scale will thus be lin 
ear, even though the rectifier charac 
teristic iS approximately parabolx 


~ IDEAL 
Frome RECTIFIER In practice, the scale will not be 


exactly linear, owing to the non-linear 
characteristic of the diodes im then 
forward direction. In Fig. §, i can 
also be seen that the relative deviation 
between the approximated and ideal 
parabola will be the same for differ 
ent meter deflections; in other words, a 
certain wave-form is measured with 
the same percentage crror at any point 
on the scale 
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Fig. 5. *‘ Displacement”’ of characteristics as a function of d.c. voltage 
across the capacitor. 


The problem now is to find the particular ratio R/r 
between the two resistors in Fig. 4, giving the best 
approximation to the parabola. Fig. 6 is a plot of theore- 
tically calculated curves for different signal wave-forms, 
showing érms/E, i.e., the ratio of the r.m.s. input voltage 
to the voltage across the capacitor, as a function of R/r. 
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Fig. 6. Theoretically calculated curves for different signal wave-forms 
for érms/E as a function of R/r. 

(1) Rectangular pulse (crest factor 5). 

(2) Square wave. 

(3) Sine wave. 

(4) Random noise. 

(5S) Rectangular pulse (crest factor 2). 

(6) Minimum curve. 

It can be seen that the curves in Fig. 6 intersect at 
different points. For example, curve (3) for sine waves and 
curve (4) for random noise intersect at the R/r ratio of 4. 
This means that an instrument having an R/r ratio of 4, 
adjusted to indicate correctly the r.m.s. value of a sine- 
wave signal, will also indicate correctly the r.m.s. value 
of random noise. 

Because sine waves and random noise are two rather 
important types of signal, it might appear to be con- 
venient to use a rectifier circuit with an R/r ratio of 4 in 
practical designs of instruments. However, this circuit 
will give a reading which is 1-5 dB too high when rec- 
tangular pulses with a crest factor of 2 are measured and 
approximately 2 dB too low for rectangular pulses with a 
crest factor of 5. With higher crest factors the error will 
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be even greater, but such signals are not found often in 
practice, except in special pulse techniques. In this case, 
however, the normal interest lies more in the peak value 
and the wave-form than in the r.m.s. value of the signal. 

At this point, it is of interest to ascertain whether the 
simple circuit shown in Fig. 4 can be modified to increase 
measuring accuracy. From Fig. 7b, it can be seen that a 
much better approximation to the parabola is obtained 
by means of a broken line. Fig. 7a shows a circuit which 
can produce this type of characteristic. The diodes in the 
full-wave rectifier cause the first “* knee’’ of the curve, 
while diode D; causes the second knee, diode D, the third 
knee, and so on. The advantages of the ** displacement ” 
of the characteristic with the d.c. voltage E on the capaci- 
tor C, as described previously for the simple circuit, are 
also obtained in this case ; in other words, the meter 
scale will be almost linear, and the relative error for a 
certain wave-form will be almost constant over the entire 
scale. Compared with the similar squaring circuits using 
fixed bias, this circuit therefore gives a higher accuracy 
with a smaller number of diodes. 
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Fig. 7. Modification of an r.m.s. rectifier, showing (a) schematic 
diagram of circuit, and (b) current/voltage characteristic approximated 
by a polygon. 


To determine how many straight-line portions are 
necessary to approximate the parabola with a certain 
accuracy, the method outlined for the simple circuit can- 
not be used, because too many variables are involved. It 
is therefore necessary to seek other design criteria. From 
Fig. 7b, it can be seen that the greatest error is obtained 
for rectangular pulses having a crest factor such that they 
hit one of the points marked A on the parabola. It is 
therefore useful to draw the parabola tegether with two 
tolerance curves, and then draw the polygon such that it 
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lies between these curves, as shown in Fig. 8, in which 
Fig. 8a shows the full characteristic with tolerance curves 
corresponding to a certain percentage error, while Fig. 
8b shows an enlarged view of the part of the characteristic 
corresponding to the shaded area in Fig. 8a. 

Because crest factors smaller than unity do not exist, a 
signal wave-form other than the rectangular pulse-wave 
must be used to determine the greatest possible error 
from this part of the polygon. In Fig. 9, a wave-form of 
the desired type is shown (after rectification in a full-wave 
rectifier). Assuming that the peak of the signal is cor- 
rectly measured, i.e., the peak value reaches one of the 
intersection points of the polygon and the parabola, and 
that the signal itself has a crest factor of 4 to 5, the peak 
must be relatively high and thin. The lower part of the 
wave will therefore endure practically the whole period, 
and the error, which depends only on this portion of the 
wave, can be found directly by means of Fig. 8b. The 
error in the instantaneous current / should, however, be 
compared with the total d.c. current /. The tolerance 
curves must therefore in this case show a constant ab- 
solute deviation from the parabola, instead of a constant 


' VOLTAGE e 


Ly 





rms VALUE 














a 


Fig. 9 


TIME 

Full-wave rectified square-pulse signal. 
relative deviation. Because the peak (Fig. 9) may be 
measured incorrectly, the total error can in the worst case, 
be equal to the sum of the two errors. The tolerance curve 
shown corresponds to a maximum error of 4°,, in Fig. 8a 
and 2°, in Fig. 8b, i.e., the maximum total error may 
amount to 6°, (0°5 dB). However, the wave-forms nor- 
mally met with in practice will * cover the polygon in 
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Fig. 8. Parabola with tolerance curves 
and approximating pol;gon for an r.m.s 
rectifier circuit 


such a way that the positive and 
negative errors compensate each 
other to a certain degree, and the 
r.m.s. value will therefore norm- 
ally be measured with a greater 
accuracy, possibly within 4 2 

Fig. 10 shows a circuit dia- 
gram which will give a broken- 
line characteristic with four 
* knees, the approximate ratio 
between the different resistors 
being found from Figs. 8a and &b 
It is necessary, however, to cor- 
rect for the non-linear forward 
characteristic of the diodes. It 
should be mentioned that the characteristic of the 
rectifier network intersects the abscissa at the second 
bend, owing to the d.c. bias on the capacitor. This means 
that the capacitor does not discharge through the meter 
only. The meter current will consequently be too small, 
which is illustrated by means of the additional axis shown 
in Fig. 8b. The displacement of the curve in the vertical 
direction has no influence whatsoever on the r.m.s 
rectification. A displacement in the horizontal direction, 
however, would influence the type of rectification ob- 
tained, because a voltage component proportional to the 
average value of the input signal would be added to the 
voltage across the capacitor 
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Schematic diagram of an r.m.s. rectifier circuit with the 
characteristics shown in Fig 


Fig. 10 


It is, of course, possible to construct still more accur- 
ate r.m.s. rectifiers by using a greater number of straight 
lines to approximate the parabola. Other sources of 
error, however, will soon set a practical limit The 
limited accuracy of the resistors being used causes devia 
tions from the desired polygon, and the non-linear for 
ward characteristic of the diodes causes the polygon to 
be correct for a certain voltage (meter deflection) only 
The latter source of error can be reduced by designing the 
circuit for high voltages and using high-ohmic resistors 
If the values of the resistors are too great, however, the 
backward current of the diodes will influence measure 
ments, especially at high temperatures. The voltage limit 
will normally be set by the amplifier feeding the rectifier 
circuit. Another improvement of the circuit would be to 
make it possible to measure correctly wave-forms with 
higher crest factors. This requires that the amplifier either 
be able to supply a greater instantancous voltage, and 

(Concluded on page 434) 
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Limitations of High-Speed Milling Techniques 


By A. O. SCHMIDT. 


(From a paper presented at the convention of the American Society of Tool Engineers held 


in Los Angeles, Cal., Octoter 1, 1958, 12 pp., 9 illustrations.) 


THERE has been considerable discussion and optimistic 
speculation on high-speed machining and what it might 
do to help overcome some of the natural obstacles to 
machining high-strength materials. Thus, in 1931 an 
intriguing proposal was made by Salomon,’ whose 
findings are based on thermocouple measurements during 
high-speed milling tests. Salomon’s results are illustrated 
in Fig. 1, which is a theoretical diagram of the influence 
of cutting speed on variations in tool temperature, in 
which ¢ is the critical temperature, and v, and v, are the 
critical cutting speeds, these values being assumed to vary 
with different workpiece and tool materials. 


~ 


TEMPERATURE 
rm 


CUTTING SPEED - 


Fig. 1. Theoretical diagram of the influence of cutting speed on varia- 
tions in tool temperature. 


At first sight, these results indicate that, at higher 
cutting speeds, there is a drop in temperature, with the 
consequent possibility of being able to machine faster 
and, at the same time, to increase tool life. In fact, the 
graph in Fig. 1 has been the basis of more speculations 
than any other claim in metal-cutting literature. Unfor- 
tunately, Salomon died shortly after making his “ dis- 
covery ”’. 

It has been pointed out by Opitz? that the curve of 
thermo-electric e.m.f. as a function of cutting speed, 
obtained with a tool/work thermocouple, will turn down- 
wards at speeds above that at which the melting point of 
the workpiece metal has been reached. A graphical repre- 
sentation, based on some of Salomon’s test results, is 
shown in Fig. 2, in which it will be noted that the apex of 
each curve occurs near the melting point of the workpiece 
material, i.e., close to the melting-point temperature at 
the tool/chip interface. These temperature values were 
determined from measurements of specific thermo- 
electric e.m.f. values, which were presumed to corres- 
pond to specific temperatures. However, whenever the 
melting-point or a higher temperature of one of the 
metals in a thermocouple is reached, thermo-electric 
e.m.f. values do not follow the relation associated with 
temperatures below that point ; actually, the e.m.f. tends 
to drop with a further increase in temperature, the 
thermocouple having been basically changed by virtue of 
the melting of one of its elements. In fact, as shown by 
Schulze,? at speeds above that at which a melting point 
has been reached at the tool/chip interface, the decrease 
in thermoelectric e.m.f. of the tool/work thermocouple 
does not indicate a decrease in tool/chip interface 
temperature, as Salomon presumed, but rather an in- 
crease. The temperatures indicated in Figs. 1 and 2 are 
valid only to the left of the curve zenith ; temperatures 
to the right of this point (at very high speeds) actually 
may be above the melting point of the material being cut, 
but the e.m.f. drops. 
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In 1949, Tangerman‘ resurrected and republicized the 
curves of Salomon as a basis for the contention that cut- 
ting speeds in practice are far too low, and listed several 
high-speed tests, apparently in support of this contention. 
Under certain limited conditions', e.g., light cuts with a 
small chip thickness and a low percentage of time in the 
cut for the cutting edge similar to conditions generally 
occurring in grinding operations, milling and turning at 
higher-than-normal speeds can be successfully accom- 
plished. However, for the larger chip cross-sections and 
metal-removal rates generally encountered and economi- 
cally necessary in milling and turning with metal cutting 
edges, such speeds are impractical and sometimes disas- 
trous, because of extremely short tool life. 

When machining steel with carbides at a depth of 
0-15 in. and a feed of 0-01 in. per tooth or per revolution, 
a tool/chip interface temperature of 2600°F can be 
reached within a very short time at cutting speeds above 
1000 fpm. In tests on cutting a mild-steel workpiece at 
15,000 fpm, a burned surface and badly worn carbide tips 
were convincing evidence of complete failure after less 
than one pass. The machine used was especially deve- 
loped for the high-speed machining of light alloys, which, 
owing to their low specific cutting energies and hence 
lower cutting temperatures, permit much higher cutting 
speeds tlan ferrous materials®. 
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Fig. 2. Cutting temperatures as a function o! cutting speed, for 

(a) aluminium, (b) brass, (c) bronze, and (d) 0:-45°% C steel. 

Another problem associated with high-speed machin- 
ing is high-speed spindle design. When it comes to re- 
moving large amounts of chips from a piece of steel of 
500 BHN,, it is usually necessary to resort to a low cutting 
speed and a rigid set-up, as illustrated in Fig. 3. Tests 
have been conducted on such a steel by the author at the 
Kearney & Trecker Corporation with this set-up, using an 
ll-in. diameter cutter with high-speed steel blades, a 
depth of cut of 2 in., and a width of 4 in. With a cutting 
speed of 25 fpm and a feed of 0-5 ipm, the cutter usually 
lasted for one pass, and, despite the use of a 4-in. dia- 
meter arbor and a rigid machine tool, deflections were 
such that they could easily be seen with the naked eye. 

The effect of cutting speed on the tool life of tungsten- 
titanium carbide teeth, expressed in cubic inches of chips 
removed per blade, is shown in Fig. 4, which is based on 
the use of a steel of 180 BHN, face-milled with a depth of 
cut of 0-15 in. and a feed per tooth of 0-01 in. until either 
an average wear of 4 in. appeared on the peripheral 
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clearance surfaces of the blades or until failure by break- 
age occurred. Optimum results, i.e., 120 cu in. of chips 
removed, were obtained at a cutting speed of 600 fpm, 
with a terminal width of peripheral flank wear of 0-03 in. 
The same carbide tips failed earlier by abrasion after re- 
moving a smaller volume of chips at higher cutting speeds, 
owing to increased rate of wear at the higher tool tem- 
peratures. At slower cutting speeds, tool failure took 
place more frequently by flaking and chipping of the 
carbide tip. 

When milling a steel workpiece of 400 BHN, the car- 
bide-tool life was very short with a cutting speed of 428 
fpm and a feed of 0-0115 in. per tooth®. With the same 
set-up and cutter, but with a reduced cutting speed of 130 
fpm and a feed per tooth of 0-0045 in. the operation was 
successful, as shown im Fig. 5, in which the dotted lines 
indicate chipping. 

To overcome difficulties encountered in machining 
hardened materials, certain aircraft structures of alloyed 
tool steels have been machined in a relatively soft condi- 
tion and subsequently heat-treated in restraining fixtures, 
to develop high hardness and tensile strength with mini- 
mum distortion from the desired accuracy of shape’. 

The latest proposal in the field of high-speed machin- 
ing of the harder alloys involves the use of a propellant 
to fire a workpiece past a carbide tool obstructing the 
trajectory, and some experiments to machine high- 
strength materials at higher cutting 
speeds have been reported in this 
connection. 

Various machining problems and 
techniques for shaping new materials 
used in supersonic aircraft have been 
discussed by Petersen®, and show that, 
vhen these new aircraft are beyond 
the prototype stage, the task of the 

ool engineer to provide tools, 
machines, and other procedures for 
making parts in sufficient quantities 


Fig. 4. (left). Effect of cutting speed on the 

total amount of steel of 180 BHN removed 

between regrinds of a face-milling cutter with 
carbide blades. 


Fig. 5. (right). Increase in peripheral wear on 
a carbide tip when milling steel! of 400 BHN. 
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Fig. 3. Rigid set-up for machining steel of 500 BHIN 


will be of great magnitude. Chemical-milling, 
spark-machining, and electrolytic methods 
will have their place in machining these new 
alloys, but the question of what to do when 
large amounts of metal have to be removed 
economically from a workpiece with high 
physical properties still remains  un- 
answered. To test some of the high-speed 
theories in metal cutting, Petersen reports 
the use of a rifle to propel a workpiece slug 
across a too! at ultra-high speeds 
It has been stated by aircraft designers® 
that within a few years manned-flight 
vehicles will have a surface temperature of 
1200 F, as the result of flight speeds which 
are in the range of the culling speeds now 
envisaged by some engineers. If an aero- 
dynamically well-shaped body attains such 
temperatures from friction in air that it is 
necessary to use special alloys and cooling media, it may 
well be asked what temperatures can be anticipated with a 
poor aerodynamic shape, such as that of a tool moving 
through these steels and special alloys at the same speed 
as a fast aircraft, and whether there is reason to believe 
that the * thermal thicket " exists in a fluid, such as air, 
but not in a solid, such as steel 
The machining of high-strength alloys at high cutting 
speeds approaches conditions similar to those of pene- 
trating armour-plate with a carbide projectile. World 
War II saw the beginning of the use of carbide cores in 
armour-piercing ballistic missiles. As a matter of interest, 
it may be stated that in many ways the advancements in 
cutting tools and increases in cutting speed find a close 
parallel in the development of guns and the increases in 
projectile velocity. It is profitable, in this connection, to 
study some of the wartime research reports’. In Germany 
the scarcity of tungsten carbide forced abandonment of 
armour-piercing, tungsten-carbide-core projectiles. How 
ever, ordinary steel projectiles with excellent heat treat 
ment were developed for the penetration of armour plate 
at long ranges. A 6-in. gun, which could produce a 
muzzle velocity of 4500 fps when firing a 150-Ib projectile 
and which had a range of about 80 miles, was also built 
The barrel was made up of sections, with twenty-eight 
powder chambers arranged along the bore, successive 
explosions progressively boosting the speed of the pro 
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jectile in its course through the bore. Although the barrel 
blew up once in every three shots, the gun was considered 
successful, because it was comparatively easy to replace 
the burst section. The actual service life of conventional 
guns has decreased with the increase in muzzle velocities. 
Thus, 200 rounds can be fired with a 16-in. gun and about 
700 rounds with a medium-size gun. Gun life was exten- 
ded by employing chromium plating in the bore of a steel 
barrel and by the use of stellite or other special alloys for 
the barrels. 

American research on the increasing velocities of pro- 
jectiles was extended to 5500 fps,!° and has completely 
outmoded a statement found in one ordnance book to 
the effect that, if very high striking velocities are obtained, 
penetration is little affected by the material of which the 
projectile is composed. 

It was shown in wartime tests that deformation of the 
projectile increased progressively with increased striking 
velocity. At the top of the speed range the nose of the 
projectile (analogous with the tool) completely disinte- 
grated because the energy absorbed by the armour-plate 
(the workpiece) increased tremendously. The energy of a 
projectile is a function of the square of the velocity. To 
obtain high velocities, a projectile should present a small 
cross-sectional area to the air, in order to reduce air resis- 
tance. The tendency in gun development has been to- 
wards higher muzzle velocities and also to larger calibres 
to penetrate harder and thicker armour-plate (the work- 
piece). If higher speed alone would be sufficient to pro- 
vide the necessary energy to penetrate heavier armour- 
plate, the calibre might still be 37 mm, as it was in anti- 
tank guns at the end of World War I. The fact is that 
shattering of the projectile is the most serious limitation 
to the use of hyper-velocities. 

As long as 200 years ago, investigators associated 
higher speed in air with increased resistance. In his report 
on the principles of gunnery to the Royal Society in 1746, 
Robins!! stated that “ the resistance of the air within 
certain limits is nearly in the duplicate proportion of the 
velocity of the resisted body.”’ Within the last few years, 
statements have been made to the effect that the resis- 
tance of high-strength materials to penetration would be 
no more than, and possibly less than, that of air, if only 
tools would be made to go through the metal quickly 
enough. 

When machining at a very high cutting speed, espe- 
cially in milling, the operation comes very close to the 
conditions obtained when applying a sudden load of short 
duration. The behaviour of metals under impulsive loads 
has been studied and reported comprehensively by Rine- 
hart and Pearson!2, who encountered failures ranging 
from minor microscopically observable grain distortions 
to extensive flow and fracturing. 

A difference exists between the performance of metals 
under static and dynamic conditions of loading. Clark 
and Wood!3 used a rotary tensile impact machine capable 
of maximum impact velocities of between 12,000 and 
15,000 fpm, and found, in tests on a number of metals, 
that the dynamic value of the ultimate strength of the 
material was invariably greater than the static value. This 
fact would have to be taken into consideration when 
machining at high speeds, since the differences observed 
are great enough to influence machinability. 

In the author’s opinion!4, there does not exist as yet 
any ‘“ miracle’ tool material, “ atomic disintegrator ”’, 
or “magic angle’ which will automatically result in 
high, accurate production and do away with the exacting 
requirements in machines, tools, and set-ups. 
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Although, at the present time, there appear to be re- 
strictions with respect to cutting speeds when it comes to 
machining high-strength alloys, developments are in pro- 
gress to overcome some of these difficulties. It took 
almost ten years to learn how to use carbides for the 
machining of cast iron and then at least another five years 
of experimentation in laboratory and shop to establish 
procedures and reliable data for carbide-steel milling. 
Cutting speeds, feeds, tool angles, tool design, machine- 
tool requirements, and mounting of workpieces had to be 
determined experimentally. The machining of steel up to 
400 BHN, with the exception of some stainless steels, is 
to-day a routine procedure in numerous production 
shops. On the basis of this experience, combined with 
improvements in modern machine tools and tool mater- 
ials and the availability of better instruments for the 
analysis of machining factors, it is an easier problem to 
overcome some of the new difficulties arising with regard 
to the machining of recent high-strength alloys. A sys- 
tematic approach, using novel experimental techniques 
such as confined hot machining, faster spark machining, 
and newly developed tool materials, together with theo- 
retical studies, will make possible further advances. 
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A True R.M.5. Instrument for 
A.C. Signals 
(Concluded from page 431) 

what is more important, a greater instantaneous current, 
because the instantaneous current varies with the square 
of the instantaneous voltage, or a more sensitive meter 
must be used. The latter solution causes, however, the 
influence of the backward current of the diodes to in- 
crease. Furthermore, it becomes difficult to cater for the 
dynamic requirements of the meter, which must be satis- 
fied, especially when sound measurements are taken. 

The lower frequency limit of the rectifier circuit is 
determined by the filter capacitor C and the resistors. The 
upper frequency limit will be set by the internal capacity 
of the diodes and their transient switching time, which 
will cause phase shift and distortion in the partial cur- 
rents. Finally, it should be mentioned that the meter scale 
for the r.m.s. rectifier will show just the same small 
curvature obtained in the case of an average- and a peak- 
value rectifier circuit in which the same diodes are used 
for full-wave rectification, plus one more’ series-con- 
nected diode corresponding to the diodes causing the 
three upper knees of the r.m.s. rectifier characteristic. 
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Mercury Bearings for Precision Apparatus 


By E. FiscHer. (From Feinwerktechnik, Vol. 62, No. 8, August 1958, pp. 267-272, 20 illustrations.) 


By using mercury bearings in certain electrical, magnetic, 
or mechanical apparatus, it is possible to provide almost 
frictionless supports and guiding arrangements for sy- 
stems oscillating or rotating about a vertical axis. The 
buoyancy and high surface tension of mercury are the 
outstanding features which contribute to the load-carry- 
ing and self-aligning properties of such bearings and 
avoid direct contact between solid components. Com- 
pared with other types of bearings, such as pivot bearings, 
mercury bearings offer the advantage of having solid 
components that can be made from synthetic materials, 
and, like ball bearings, they can be designed to allow a 
vertical shaft to pass through the bearing on both sides. 

One of the primary requirements in many mechanical 
devices and measuring instruments is that the frictional 
resistance of the device should be as low as possible when 
it is in its equilibrium position, before taking a measure- 
ment. When actual motion is initiated, the problem of 
friction is not so critical, since it can be used to obtain a 
damping action. Consequently, measurements of the 
initial frictional resistance can be regarded as a criterion 
of the quality of bearing arrangements, and, for the 
purpose of this investigation into mercury bearings, 
extensive measurements of friction at zero velocity and at 
finite values of velocity were made, in order to assess their 
performance. 


MERCURY-DROPLET BEARINGS 


Basic information on the behaviour of mercury as a 
supporting element can be obtained by studying the 
deformation of a droplet of mercury under load. For 
testing purposes, the droplet is placed on a flat horizontal 
plate, and the vertical load is applied via a thin flat glass 
plate on top of the droplet. For various loads P, measure- 
ments are taken of the relative increase in maximum 
droplet diameter 6 = D/ Do and of the relative decrease in 
height ¢ = h/ho (the subscript zero denoting the values for 
the unloaded droplet). Curves of 6 and ¢ as functions of 
load P are shown in Fig. | for droplets with initial maxi- 
mum diameters Do of 2:5, 3-5, and 5mm. The curves can 
be determined up to the point at which the droplet breaks 
down into a number of smaller droplets. From Fig. |, it 
can be seen that mercury droplets are capable of support- 
ing fairly high loads, and that the permissible loading in- 
creases more rapidly than the increase in droplet size. 

Measurements were also taken of the area of the 
upper supporting surface of the droplet under load. Fora 
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Fig. |. Relative increase in maximum droplet diameter 4 and relative 


decrease in height ¢ as functions of load ? for droplets of various initial 
maximum diameters Dp». 
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droplet with Do 2:5 mm, the circular area in contact 
with the glass plate rises sharply to about 3 mm® at a load 
P of 0-1 gm, after which it increases linearly with in- 
creasing values of P to about 12 mm? at | gm. However, 
for a bearing or a pivotable joint filled with mercury, it is 
even more important to study the behaviour of the loaded 
assembly under dynamic conditions. For this purpose, a 
simple test bearing was made, its main features being 
shown in Fig. 2. 


a 


Fig. 2. Basic features of a simple 
mercury test bearing. 


aes is 


The carrier is a rod d with a recess in its upper end, 
into which the mercury c is inserted, sufficient mercury 
being added until the spherical top of the droplet pro 
trudes from the carrier. The cup-shaped rotor 4 is then 
placed on the droplet, the upper portion of this rotor 
being shaped to suit the size of droplet considered, and 
provided at its uppermost point with a small hole a which 
permits the escape of air and thus ensures that the rotor 
is well supported on the droplet 

Comparative tests were carried out with this bearing 
and with a jewel (sapphire) bearing, both types being sub 
jected to a load of 0-35 gm. In these tests, the supporting 
rod or carrier was rotated at a uniform speed, and the 
resisting torque of the bearing arrangement was measured 
by means of a torsion strip attached to the upper rotor 
The resisting torque of the mercury bearing is due to the 
viscosity of the mercury, whereas that of the jewel bearing 
is due to solid friction of the pivot and socket surfaces 
The cup-shaped socket of the jewel bearing had a radius 
of 601, and the pivot radius was 15. A rotor and torsion 
strip were also connected to the pivot for the comparative 
tests, and the jewel was rotated at a uniform speed. The 
droplet in the mercury bearing had a maximum unloaded 
diameter Do of 3:5 mm 

The tests showed that the jewel bearing had a resisting 
torque which attained 90", of its maximum value at zero 
speed and reached its maximum value at about 0-5 rpm 
the torque remaining constant thereafter up to the maxi 
mum speed of 4 rpm used in these tests. The mercury 
bearing, tested immediately after filling with fresh mer 
cury, had a resisting torque of 4”, of the maximum torque 
of the jewel bearing at zero speed, increasing linearly to 
8°, at 4 rpm. These initial values are referred to as the 
to-values. The /f2o-values, i.c., in a test performed 20 
minutes later, showed a practically constant torque of 
20°,, of the maximum jewel-bearing torque at all speeds 
At 120 minutes after filling with mercury, the f;29- values 
were determined ; these were found to be approximately 
constant from zero to 4 rpm and were 20 
the 100°., torque of the jewel bearing. It was thus ap 
parent that the mercury-filled bearing could offer a very 
appreciable reduction in frictional torque if some simple 
method could be found to reduce or eliminate " ageing 
of the mercury. It may be noted that all the above tests 
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were performed with the test assembly located under a 
bell-jar, so as to avoid disturbances due to air currents. 
Tests were also made to determine the behaviour of the 
mercury-filled bearing under the action of a transverse 
force exerted on the rotor. When a lateral force is applied 
to the rotor the latter is not displaced sideways to an un- 
limited extent, but only through a certain distance s, the 
applied force being resisted by the surface tension of the 
mercury, which opposes any attempts to increase its free 
surface. With the test bearing previously used, it was 
found that the lateral displacement of the rotor increased 
approximately linearly from 0 to 0-5 mm with transverse 
forces P, increasing from zero to 0:1 gm, and proceeded 
somewhat more rapidly thereafter to 1-2 mm at 0-15 gm, 
as shown by curve (1) in Fig. 3. With a less favourably 
designed bearing (i.e., a bearing in which the carrier rod 
was designed with a much more shallow recess for the 
mercury), the curve was somewhat lower, as shown in 
curve (2). 
eT 
{gram} 
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Fig. 3. Lateral displacement s as a function of transverse load P,. 

It can thus be seen that the mercury bearing fulfils 
fairly high requirements. For a system weighing 0-35 gm 
(in most instruments the transverse forces are not nor- 
mally greater than 20°, of the weight of the support 
system), the transverse force will not usually be greater 
than 0:07 gm. The force required to remove the rotor 
from its supporting and guiding element is thus twice as 
great. 

To increase the load-carrying capacity of the mercury 
bearing, various possibilities can be considered. For 
example, several droplets can be placed at equidistant 
points around a circle on a somewhat larger carrier, and 
the rotor, provided with an annular groove, is placed on 
these droplets. However, the gain in load-carrying 
capacity and restoring torque does not, unfortunately, 
increase in proportion to the number of droplets, since 
their increased number does not result in a proportional 
increment of the free surface. Moreover, two of the main 
advantages of the single droplet are then lost, i.e., the 
resisting torque is no longer constant over the speed range, 
and the rotor tends to return to a * preferred * position, 
owing to small errors in the guide groove, etc. It was 
therefore necessary to devise a system giving increased 
load-carrying capacity without subdivision of the droplet 
of mercury. This was achieved with the ** mercury-ring ” 
bearings described below. 


4 J 
1S s[mm) 


MerRCuRY-RING BEARINGS 

By using an annulus of mercury as a supporting and 
guide element, the disadvantages of the multi-droplet 
bearing are avoided, the supporting properties and the 
restoring torque being very much improved. The basic 
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arrangement used for test purposes is shown schematically 
in Fig. 4, and the results of tests with rings of mercury of 
widths 5 of 2 and 3 mm and of mean annulus diameters D 
of 6:5 and 16 mm are given in Fig. 5 in the form of curves 
of € h/ho plotted against the vertically applied load P. 
These curves indicate an enormous increase in load- 
carrying capacity. 











Fig. 4. Schematic arrangement for testing deformation of mercury rings. 
a glass plate ; « mercury ; d carrier. 


Ring-type bearings can be designed with one or more 
rings, two basic types being illustrated in Fig. 6, in which 
the design on the left has rings of mercury which do not 
protrude from the grooves of the carrier c ; the rotor a 
is therefore designed to contact the mercury rings d and f 
with the guide grooves b. This arrangement gives a 
steeply increasing restoring force when the rotor is sub- 
jected to transverse forces. The design shown on the 
right of Fig. 6 has a less steep restoring-force curve and 
gives a smoother performance. The rings of mercury d 
and f protrude from the upper surface of the carrier c and 
the guide grooves b of the rotor a are designed to suit the 
shape of the upper surface of the rings. In both types of 
bearings, the guide grooves must be uniformly supported 
by the rings of mercury. For this reason, the rings are 
allowed to communicate with each other through a com- 
pensating channel e. 

Under operating conditions, the ring bearing will thus 
have no “ preferred ’’ position towards which it would 
tend to come to rest after completing a pivoting or rotary 
motion. It should be noted that the ring of mercury must 
have a suitable width ; if insufficient width is allowed, 
the ring, in trying to reduce its free surface, will attempt 
to come out of its annular groove in the carrier. 

The frictional resisting torque of a two-ring bearing of 
the type shown on the right of Fig. 6, with a ring width of 
3 mm, a mean diameter of the outer ring of 16 mm, and 
of the inner ring 6-5 mm, was subjected to tests in which 
a vertical load of 6 gm was applied to the bearing along 
its centre-line. Compared with the torque of the jewel 
bearing under a lead of 0-35 gm, as determined in pre- 
vious tests, the resisting torque of the two-ring mercury 
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Fig. 5. Relative decrease in height ¢ as a function of vertically applied 
load 
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Fig. 7. (right) Arrangement of a mercury-ring bearing with a liquid additive. 


bearing, tested immediately after filling with fresh mer- 
cury, gave considerably lower /o-values, e.g., 40°, of the 
jewel-bearing value at 4 rpm. The f5-values of the mer- 
cury bearing, taken 5 min later, were about 45°,, higher 
than the jewel-bearing values at 4 rpm. 

The transverse displacement of this mercury-bearing 
subjected to a transverse load was also determined, repre- 
sentative values of displacement being 0-5 mm for a trans- 
verse load of 0-6 gm, 1-0 mm for 1-1 gm, and 1-4 mm for 
the maximum possible load of 1-2 gm. 

PRESERVATION OF THE SURFACE OF THE MERCURY 

Mercury has the peculiarity of increasing its resistance 
to motion or deformation of its surface with age. This 
tendency is present in all mercury bearings so far deve- 
loped. It is known that this “* ageing ” is due to impuri- 
ties (Zn, Cd, Pb, Sn, Cu, and Ag) in the mercury, and to a 
hardly visible film of oxide forming on the mercury sur- 
face, even at room temperature. Quantities as small as 
0-001°,, represent very considerable amounts of im- 
purities in mercury. Furthermore, gases coming into 
contact with the mercury produce changes in its surface, 
caused probably by traces of substances having a catalytic 
action, or by actinic action or by electrical discharges. 
The problem of maintaining the mobility of the surface 
at its initial value is therefore most important, if full use 
is to be made of the advantages of mercury bearings. 

To obtain further data in this connection, a mercury- 
ring type of bearing was tested in a hermetically sealed 
glass vessel. The movable rotor placed on the mercury- 
ring carrier was fitted with a vertical rod extending down- 
wards through the centre of the bearing, the bottom end 
of the rod being provided with a small magnet. This mag- 
net was deflected by an external magnet in a direction 
transverse to the earth’s magnetic field, and the assembly 
was then allowed to perform free decaying vibrations. 
These tests, carried out in vacuum, in pure oxygen, in 
pure nitrogen, and in various noble gases, showed that 
the slight solidification of the mercury surface is not fun- 
damentally dependent on the surrounding atmosphere. 

It has, however, been found that excellent results as 
regards the “preservation” of the mercury can be obtained 
with suitable liquid additives, provided that they do not 
form any compounds with the solid materials used in the 
bearing assemblies ; in this way, the supporting and 
guiding properties of the mercury are not affected. It is 
worth noting that no preserving liquid is needed for bear- 
ings kept in continuous motion, i.e., in continuously 
rotating systems. In such cases, movement is in itself 
sufficient to prevent alterations of the surface resistance 
to deformations. 

Details of the design of a mercury-ring type of bear- 
ing with a liquid additive are shown in Fig. 7. For ease 
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Fig. 6. (above) Design features of two basic types of mercury-ring bearings. 
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of manufacture, the body of the carrier a is assembled 
from two parts and encloses an annular pool of mercury 
k, the rotor f, with a suitably shaped guide groove, being 
supported on the ring of mercury / protruding from the 
carrier. This ring tends to contract in the direction of the 
axis of rotation and, to prevent this tendency, the inner 
guide edge 6 of the rotor is made somewhat steeper than 
the outer guide edge c. The outer surface of the mercury 
ring / is in contact with the preserving liquid 4. De 
aeration is ensured by a small passage d in the upper sec 
tion of the groove, and this passage also allows the liquid 
to contact the mercury from above. The opening 1s so 
narrow that no mercury will pass through it at the low 
pressures prevailing in the system. A compensating pas 
Sage ¢ in the rotor provides for uniform distribution of 
the preserving liquid. The bearing is protected against 
the ingress of dust, etc. by means of a cover g 

If the bearing is overloaded in the axial direction, the 
inner guide edge 6 of the rotor contacts the corresponding 
flat surface of the carrier a. Mercury is then forced out 
radially through the opening under the higher outer 
guide edge c, and, after cessation of the disturbance, the 
mercury automatically returns to its initial position and 
lifts the rotor to its normal height Transverse loads 
exceeding the restoring force of the mercury are taken up 
by the inner wall of the rotor, which presses against the 
the corresponding surfaces of the inner shell of the 
carrier. It is thus evident that low-friction bearings of 
this kind are suitable even for rough running conditions 
Preduction bearings are made of suitable plastics (e.g 
polystyrol) and aluminium. Bearings of this kind can also 
be arranged on top of each other, so that the spindle is 
perfectly supported and guided by two bearing positions 

In cases where it is desired to have increased load 
carrying capacity without increasing the radial dimension, 
an arrangement such as that shown in Fig. 8 can be em 
ployed. The rings of mercury are in a cascade arrange 
ment, one above the other, but the guiding action docs 
not increase proportionately to the number of rings in 
this type of assembly. The advantage of this design ts 
that it makes full use of the extremely high buoyancy of 
mercury, so that a low-friction bearing with a high load 
carrying capacity but of small radius is obtained. The 
carrier g is made from two parts, the ring of mercury I 
being located at the base of the annulus and supporting 

(Concluded on page 445) 





Unusual Effects and Circuit Problems with Electronic Valves 


By W. E. Bascock. 


(From Electronics, (Engineering Issue), Vol. 31, No. 37, September 12, 1958, 


pp. 90-93, 10 illustrations.) 


UNUSUAL effects are sometimes noted with certain elec- 
tronic valves in various circuits, and these effects are 
generally not mentioned in the data supplied by valve 
manufacturers or described in textbooks on valves and 
circuits. It is the object of this article to suivey the cir- 
cuit problems arising from these peculiarities in electronic 
valves and to discuss their causes, effects, and solutions. 

These effects are classified under various headings, 
generally known colloquially as ‘‘ sleeping sickness ”’, 
* black-out ’’, d.c. shift, stray emission, bulb or mica 
charge, “spook” interference, and “snivet”’ inter- 
ference, and are discussed separately. 


, 


** SLEEPING SICKNESS ” 


Most attention on the part of valve manufacturers 
and circuit designers in the last few years has been given 
to an effect which has been termed “ sleeping sickness ”’. 
This effect has been most serious in computer circuits, 
where a valve may operate for long periods of time with 
its plate current cut off. When a problem is put 19 the 
computer which requires the valve to pass a pulse of 
current, the valve will often not conduct. 

The sleeping-sickness effect is caused by the forma- 
tion of a cathode-interface resistance layer between the 
cathode base metal and the cathode coating. This thin 
resistance layer acts as a dielectric for a capacitor of the 
order of 0-01 uF, in which the cathode base metal is one 
plate and the cathode coating is the other. 

Although the interface resistance is normally close to 
zero in a new valve, it can increase to several hundred or 
even a few thousand ohms after many hours of life with 


the plate current cut off. 
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Fig. |. Free-running frequency as a function of interface resistance 
for an oscillator. 


The formation of cathode interface is the direct result 
of the efforts of manufacturers to make valves having a 
high value of emission at a reasonable cost. While the 
valves are being evacuated during manufacture, the car- 
bonate mixture which forms the cathode coating is broken 
down into oxides. Subsequently, during ageing, the 
oxides are broken down to form a surface layer of pure 
barium. 

A reducing agent is required at this step to assure that 
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the oxides produce pure barium without liberating oxy- 
gen. This reducing agent consists of minute impurities 
(less than 1%) added to the cathode base metal. In 
valves designed especially for applications where heater- 
only or plate-current cut-off operation will be used, 
cathode material having an extremely low silicon-im- 
purity content limits formation of an interface layer. 
These valves can operate for thousands of hours with 
negligible interface development. If practical, it is re- 
commended that some small amount of plate current be 
maintained at all times. 

In many cases, it has also been found desirable to use 
low-silicon cathode material in receiving valves designed 
for home-entertainment applications. Most horizontal 
oscillator circuits tend to exhibit frequency drift and thus 
loss of synchronization, if the oscillator valve develops 
cathode interface. 

Fig. 1 shows free-running frequency as a function of 
interface resistance for the synchro-guide type of oscilla- 
tor circuit used in many television receivers. A similar 
curve can be obtained with the stabilized multi-vibrator 
type of horizontal oscillator. Curve (1), for the sine-wave 
stabilization coil shorted, shows the frequency drift 
when there is no compensation for tube variations, while 
curve (2), for a 25° sine-wave, illustrates the improve- 
ment in frequency stability achieved with circuit compen- 
sation. Sine-wave stabilization pulls the oscillator fre- 
quency back to its proper value, when changes in the 
valve or other components tend to change the frequency. 

Although the use of sine-wave stabilization reduces 
frequency drift considerably, it has been found that 
modification of the cathode base metal of an oscillator 
to a lower silicon content has greatly improved perfor- 
mance, so much so that field troubles in this circuit re- 
sulting from cathode interface have been non-existent, 
even after several thousand hours of operation. 


** BLACK-OUT ” 


Another effect, in many respects related to cathode 
interface, has been called ** black-out”’. This effect was 
first noted during the early days of World War II, when 
the transmitted pulse of a radar set would get back into 
its receiver and cause it to go dead. 

Black-out shows up only when the control grid of a 
valve is driven positive. At some stage during the manu- 
facture of a valve, a semi-insulating layer is deposited on 
the surface of the control-grid wires. This layer acts as 
the dielectric of a capacitor in which one plate is the grid 
wire and the other is the layer of electrons collected on 
the semi-insulating surface when the grid is driven posi- 
tive. The valve then develops its own bias internally, as 
in the familiar grid-leak or grid-resistor method of biasing 
an oscillator or class-C amplifier. 

Two methods of determining whether a valve has 
black-out are the pulse method and the d.c. method. In 
the pulse method, the plate voltage of the valve under 
test is first adjusted for some given level of plate current, 
and a positive pulse of sufficient magnitude to drive the 
grid into appreciable grid current is then applied to the 
control grid. If the valve has no black-out effect, the plate 
current will probably rise slightly. However, if black-out 
is present, the plate current will drop sharply, as observed 
on an oscilloscope or a d.c. milliammeter. 
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In the d.c. method, normal voltage is applied to the 
heater, and simultaneously a small positive bias is applied 
to the control grid. If the valve under test has no black- 
out, grid current will start to flow in about 10 to 15 sec 
and will rise rapidly to a maximum. If the valve displays 
black-out, however, the grid current will rise slowly and 
may take as long as several minutes to reach a maximum 
value. The grid current increases slowly, because the 
resistance layer on the control-grid surface has a negative 
temperature coefficient. The effect usually disappears 
completely in from 5 to 10 min. 

The negative temperature characteristics of the resis- 
tance can produce some annoying effects. For example, 
in the multi-vibrator type of horizontal oscillator circuit, 
it may be impossible to hold the oscillator in synchroniza- 
tion for several minutes after a television set is turned on. 
Because the magnitude of the resistance varies as the 
tube heats up, the horizontal frequency also varies, and 
the picture drifts in the horizontal direction for several 
minutes every time the set is turned on. 

Valve manufacturers have not yet developed a process 
for preventing the development of this effect, or for elimi- 
nating it once it has developed. Fortunately, normal pro- 
cessing techniques produce valves which are generally 
free from this effect, and most applications de not drive 
the control grid positive. 


D.C. SHIFT 


Another effect, which in many respects appears to be 
similar to cathode interface and black-out, is known as 
d.c. shift. In amplifiers using tubes having d.c. shift, the 
amplifier gain is less for d.c. signals than for a.c. signals. 
In oscilloscope amplifiers, therefore, the usual a.c. cali- 
bration signal is not reliable if the oscilloscope is to be 
used for d.c. measurements. 

The d.c. shift effect can be demonstrated clearly by the 
use of a low-frequency square-wave signal. If the valve 
has no d.c. shift effect, the plate current remains at a con- 
stant level during the flat portion of the pulse. If, however, 
the valve has d.c. shift, the plate current drifts about 5 to 
10°,, over a period of about 2 sec. 

The d.c. shift problem has been attributed by Ner- 
gaard to the Sproull effect, which is caused by the forma- 
tion of a donor depletion layer near the emitting surface 
of the cathode. In other words, d.c. shift is caused by the 
resistance of the cathode coating. This resistance has a 
time constant of the order of | or 2 sec, while cathode 
nterface has a time constant of only a few microseconds. 
rhis shift effect is inherent in valves having close spacings, 
and can only be eliminated by the development of a new 
cathode material. 


STRAY EMISSION 


Stray emission in electronic valves can also cause 
ome peculiar effects, the most familiar probably being 
that due to control-grid emission when an excessively 
irge grid resistor is used ; the valve usually destroys 
tself if a protective fuse is not used. 

Stray emission from the screen grid in horizontal- 
leflection amplifier valves is often responsible for loss of 
can. In recent years, manufacturers have reduced screen- 
rid emission in such valves to satisfy complaints of 
hrinking picture width, especially when television re- 
civers are operated at line voltages which are higher 
han normal. 

The emission current from the screen grid of a hori- 
‘ontal-deflection amplifier valve with screen-grid emis- 
on consumes power which would normally be used for 
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deflection. As a result, insufficient power is produced for 
full deflection and the picture width is reduced. Similarly, 
emission from the plate of the horizontal-deflection 
amplifier valve causes a power drain from the deflection 
system and a reduction in picture width. Although valve 
manufacturers have improved deflection tubes consider- 
ably and reduced the tendency toward screen-grid and 
plate emission, operation of valves outside their ratings 
will seriously aggravate this problem. 


BuLB OR MICA CHARGE 


Deflection circuits of television sets produce many 
peculiar effects, some of the most mysterious being those 
caused by bulb or mica charge, which produces jitter of 
portions of the picture. In horizontal-deflection tubes, 
such a charge may produce streaks or jitter of the entire 
raster. In extreme cases, the effect is called ** cogwheel " 
or“ pie crust’. In vertical circuits, mica charge produces 
an effect known as white line or bright line. It can also 
produce a black line. 

Troubles due to mica charge are minimized by mica 
designs incorporating slots which interrupt leakage paths 
and by the use of a high-resistance material such as alun- 
dum on mica surfaces. Equipment designers can help to 
reduce problems caused by bulb or mica‘charge by de- 
signing deflection circuits with peak voltages on the tubes 
well within ratings. 


* Spook “ INTERFERENCE 


* Spook ” interference is another peculiar effect asso- 
ciated with horizontal-deflection circuits The inter- 
ference appears as a vertical line or band at the extreme 
left edge of the raster. In some cases, it may not be visible 
at all, because of overscan of the raster or because it is in 
the blanked region. Sometimes, the interference is picked 
up from a neighbouring receiver and may go flitting 
mysteriously backwards and forwards across the screen ; 
service technicians have referred to this behaviour as 
* windshield-wiper ™ effect 

Spook interference is generated by the plate current 
of the damper tube rising from zero to several hundred 
milliamperes in about 0-1 psec. This rapidly increasing 
waveform produces many higher-order harmonics of 
the horizontal scanning frequency which lie within the 
television frequency band. In addition to producing 
the vertical line at the left edge of the raster, these har- 
monics often get into the synchronization circuits and 
cause picture instability. 


Fig. 2. Typical snivet from non-linear operation, during plate-current 
fall, im the horizontal-deflection circuit of a televimion receiver 
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Fig. 3. Load line of a typical horizontal-deflection valve in a television 
receiver exhibiting strong snivets. 


It is impossible to eliminate the harmonics produced 
by the rise of current in the damper valve. However, if 
R.F. chokes are placed in the damper leads at the valve 


socket, interference is limited to the amount radiated by 
the valve itself. 


** SNIVET ”” INTERFERENCE 


A familiar kind of interference from horizontal- 
deflection circuits is of the “‘ snivet ’ type (Fig. 2). One 
possible cause of this form of interference is that, when the 
plate current rises from zero to high values, it follows a 
smooth curve but, when it decreases from high values 
towards zero, there is a discontinuity in the curve. This 
sudden change in plate current produces harmonics which 
can be picked up by the R.F. amplifier and produce 
interference. 

Another theory holds that snivet interference is caused 
by a form of Barkhausen oscillation, because the plate 
voltage swings appreciably below the screen-grid voltage 
in many receivers. This condition is especially severe in 
modern flyback transformer designs which drive the plate 
voltage as far into the knee region as possible. 

An examination of the load line of a horizontal- 
deflection valve illustrates this phenomenon quite well. 
The most familiar load line is the straight line for R.C. 
amplifiers. If the load is reactive, the load line becomes 
an ellipse. In contrast with these conventional load lines, 
Fig. 3 shows the load line of a typical horizontal-deflec- 
tion valve in a television receiver which exhibited strong 
snivets. 


A New Method of Measuring the Temperature of 
Sliding Friction between Dissimilar Metals 


By A. S. VAGRAMYAN. (From Vestnik Mashinostroyeniya, Vol. 38, No. 7, July 1958, pp. 13-15, 4 illustrations.) 


CONSIDERABLE interest and importance attach to the study 
of temperature changes on surfaces subjected to sliding 
friction. It is true that a theory of heat formation has been 
developed, but its verification depends on more accurate 
measurements of surface temperature than have hitherto 
been possible. Previous methods of measurements give 
only rough average values and are subject to large errors, 
whereas the method proposed in this article utilizes the 
thermo-electric voltage arising between dissimilar metals 
for measuring the temperatures developed when these 
metals slide over one another, and is an improvement 
over previous attempts to use this phenomenon. 
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Fig. 1. Schematic arrangement of the temperature-measuring equipment 

The equipment used is based on a standard wear- 
testing machine, in which pads of metal are held under a 
known load against a rotating metal wheel. Fig. | shows 
the principle of the method applied, for example, to the 
testing of bronze and steel. In this case, one pad (1) of 
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steel and another pad (2) of bronze are held under equal 
load against the rim of the rotating wheel (3), which is 
here constructed of steel. The thermocouple connections 
are taken from pads (1) and (2), and it will be appreciated 
that the rotating wheel acts as an electrical connector 
between the two pads. Furthermore, as no thermo- 
electric effect is produced by contact between steel and 
steel, i.e., between the wheel and pad (1), the voltage 
developed is a measure of the temperature at the bronze- 
steel interface. 

Calibration tests on various metal pairs have estab- 
lished the voltage/temperature relationships, and the 
relationships between pressures of 20 to 100 kg/cm?, 
sliding speeds of 1-2 to 3-6 m/sec, and temperature for 
different metal pairs have been determined. In most 
cases, temperature is linearly dependent on pressure for a 
given sliding speed. The temperature/speed relationship is 
more complicated and variable. The following equations 
give, to within +2 to 4°,,, the temperature ¢ [°C] for 
various metal pairs, in terms of pressure p [kg/cm?] and 
sliding speed v [m/sec]: 


0-45°,, C steel/aluminium p 34-29 v? 
0-45°,, C steel/phosphor bronze l:2p + 64y/v 
0:45°,, C steel/Babbitt metal 0-:07p? ¥/ v2 
0-45%, C steel/cast iron (1:25 p 
Phosphor bronze/Babbitt metal 0:25p 
Phosphor bronze/cast iron 0-9 p 
Cast iron/aluminium 0:65 p 
Cast iron/Babbitt metal 0-Sp 


Sl¥vy 
50) ¥/v 
36:8 4/v 
70%/v 
75V/v 
384 v2 
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New Mercury-Type Sliding Contacts for use with Rotating 


Thermocouples and Strain-Gauges 
By C. ROHRBACH. (From V. D. I. Zeitschrift, Vol. 100, No. 22, August 1, 1958, pp. 1041-1045, 15 illustrations.) 


THE transmission of thermocouple or strain-gauge signal 
voltages from rotating parts to stationary measuring 
equipment frequently gives rise to difficulties, particu- 
larly at high speeds and when operating over long periods, 
iS Variations in contact resistance or in insulation resis- 
tance and spurious thermo-electric voltages can intro- 
duce appreciable errors in measured results. These diffi- 
culties are eliminated with a new type of mercury trans- 
mission unit. 

Considerable efforts have been made to develop slip- 
rings and brushgear for use with strain-gauges, which 
would be free from spurious voltages and which would 
have sufficiently constant transition resistances for long 
periods, but the results so far have not been fully satis- 
factory, especially at high running speeds. Consequently, 
considerable work has been concentrated on mercury- 
type contactor units. 

The mercury-type unit usually consists of a tubular 
carrier, bolted at one end to the shaft of the machine 
under test and fitted with a number of metal discs which 
are separated by spacer rings of insulating material. 
Leads from the machine under test are passed through 
the carrier and soldered to the inner surfaces of the hubs 
of the metal discs, which are accessible through small 
radial holes in the carrier. The discs are then enclosed 
in a Stationary assembly, consisting of narrow metal 
chambers separated by insulating spacer rings. The 
lower portions of these chambers are filled with mercury, 
and each disc is therefore in contact with mercury while 
it is rotating. The chambers are connected to output 
leads, which transmit the signal voltages to the stationary 
measuring equipment. When the discs are rotating, the 
mercury is thrown by centrifugal force against the peri- 
phery of the chambers, and in this way good electrical 
connections are maintained during operation. 

Multi-disc mercury units of this type have the advan- 
tages of low and fairly constant transition resistances and 
a low noise level, i.e., a low level of spurious signals. 
However, these advantages disappear at comparatively 
high speeds ; furthermore, the metal discs cannot be 
made very small, owing to design considerations, while 
at high rotational speeds the friction of the discs rotating 
in the mercury is sufficient to cause overheating, resulting 
in disturbing thermo-electric voltages and chemical reac- 
tions between the mercury and the material of the disc, 
and producing mercury vapour, thereby affecting the 
insulation resistance of the unit. In addition, the use of 
fairly large quantities of mercury in this arrangement is 
potantially dangerous in restricted premises, since mer- 
ury vapour can have serious effects on the health of 
operating personnel. Because of these disadvantages, it 
$s not surprising that the use of multi-disc mercury units 

as not been widespread. 


HE New Mercury-Type CONTACTOR UNIT 


It was considered possible to avoid the above dis- 
lvantages by developing a new design operating with 
onsiderably reduced sliding speeds. The construction 
dopted is shown in Fig. 1, the metal disc being com- 
letely eliminated and replaced by a tubular contact sec- 
on a, which is fitted at one end to a flange 4 of insulating 
naterial, attached to the rotating shaft under test. At its 
ther end, the tubular section a is connected by means of 
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a small sleeve coupling & to another, similar tubular sec 
tion. The section a rotates in bearings ¢ and d, carried in 
a cylindrical metal chamber e, which is filled with mer- 
cury i. The various components are fitted inside an insu- 
lating sleeve f, and the input leads g from the machine 
pass through the hollow flange 6 and are soldered to the 
section a, or to the following tube section after passing 
through the coupling &. The output leads A are soldered 
to the outer surfaces of the chambers ¢ and emerge 
through holes in the sleeve / 

The diameter of the sections a can be extremely small 
(e.g., 2 mm or less). The sliding speed is therefore very 
low, and as a result the amount of heat generated is 
hardly noticeable. The design can thus be made far more 
compact than in previous arrangements, and, further 
more, because of the small dimensions, it is economically 
possible to plate the inner surfaces of the chambers e and 
the outer surfaces of the sections a with noble metals 
Platinum-iridium was chosen, so as to ensure good con 
tact, without deterioration of the mercury. These various 
features enable this unit to operate reliably and without 
trouble over long periods. The amount of mercury used 
is very small, so that, even in cases of accidental destruc 
tion due to careless handling, it entails no danger to 
personnel 
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Fig. |. Schematic arrangement of new mercury-type contactor 
unit for rotating shafts 


Nevertheless, the new unit also has some disadvan 
tages. Thus, its dimensions are fairly long in the axial 
direction, although cases where space is restricted at the 
free end of the test shaft are very rare. Moreover, the 
input leads g may easily be subjected to cyclic bending if 
the components inside the insulating sleeve / are not 
accurately aligned ; consequently, these leads are made 
of stranded steel wire, which has a high bending-fatigue 
strength and a constant resistance of only 0:05 to 01 
ohm, causing no discrepancies in measurements when 
used with normal thermocouples or strain-gauges 

In practice, it is necessary to avoid any escape of mer 
cury through the bearings. The high surface tension of 
mercury helps to fulfil this requirement, and, in fact, a 
vertical column of mercury, 138 mm high, in a circular 
gap of 0:04 mm width around a rod of 3 mm diameter 
can be maintained in its equilibrium position solely by 
surface tension. Assuming that there is no fundamental 
change in this property when the rod is rotating (this has 
been verified, to some extent, in tests), i should be suff 
cient to reduce the gap to a few hundredths of a milli 
metre to prevent any escape of mercury. Nevertheless 
as a safety precaution, rubber seals have been incor 
porated in the design 

A slightly simplified drawing of the contact unit 


given in Fig. 2, in which the casing a is closed on the sides 


44! 
































WNW AY 
SS > 








oii cma: 6 amma + anmumaliihe ° <iihedie 
































MAY 


V NL 








8 roe 


Fig. 2. Sectional drawing of new mercury-type contactor unit. 


by covers 6 and ¢ and also has a top cover-plate d. In this 
way, a space (shown cross-hatched in Fig. 2) is formed 
and contains a small volume of mercury e. Ball bearings 
A and i are held against the end covers b and c by means 
of thrust plates f and g (the corresponding screws are not 
shown). On the inner faces of these ball bearings are 
rubber rings o and p, which are protected by spacer rings 
k and / and by discs m and n against excessive deforma- 
tion. The metal tube g is supported in the bearings and 
passes through the mercury, the transmission element 
being filled with mercury through an opening which can 
be closed by a screw-plug r. The lead s from the machine 
is soldered to the tube q, and the lead ¢ from the stationary 
equipment is soldered to the casing a. 

The inside surfaces of the casing a and the covers 5, c, 
and d are lined with platinum-iridium sheet, 0-1mm thick, 
to obtain good contact and to prevent corrosion. The 
metal tube g is made entirely of platinum-iridium. All 
parts made of platinum-iridium are shown as black sec- 
tions in Fig. 2. The lead s is soldered at the remote, right- 
hand end of the tube g and is thus made as long as poss- 
ible, to increase the fatigue resistance of the soldered 
joint to movements of the lead s. 

When the unit is not subjected to accelerations, the 
rubber discs o and p slide gently over the inner rings of 
the ball bearings A and i. Any marked acceleration 
causes leakage of mercury, pressing against these rubber 
discs, which act as flap valves on the inner rings of the 
ball bearings, so that no mercury can escape around 
them. The top cover-plate d can be unscrewed without 
removing the end covers b and c or the thrust plates f and 
g, facilitating inspection and cleaning, if necessary. 

A number of these units can be joined together (Fig. 
3) by means of hollow flexible couplings f of non-con- 
ductive material. For instance, a four-channel unit can 
be made up of four elements a, 6, c, d, with a flanged 
adaptor g of insulating material at one end, which is con- 
nected to the element a by a hollow shaft supported ina 
bearing block h. The input leads from the rotating machine 
pass through the adaptor and the hollow shaft and are sol- 
dered to tabs on the inner surfaces of the metal tube 
sections, while the output leads from the casings are 
soldered to tabs in various sections of the removable end- 
piece i. at the free end of the unit. The various compon- 
ents are inserted in an insulating sleeve e which is fitted 
into a protective metal cylinder k. 

Various mounting arrangements can be used to con- 
nect the unit to the rotating machine, according to 
individual requirements and test conditions. For in- 
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stance, if the test shaft has considerable end float or if 
it has an unduly high temperature or very small dimen- 
sions, it is advisable to interpose between the shaft and 
the unit a very soft coupling element, capable of taking 
up axial or transverse movements up to about + | mm. 
The metal cylinder containing the transmission unit is in 
this case mounted on a two-bearing plummer-block 
arrangement. 

If the movements of the test shaft are small and its 
temperature is at an acceptably low value, and if the shaft 
is of sufficiently large dimensions, the metal cylinder con- 
taining the unit can be fitted into a rigid cylindrical casing 
with a flanged end, enabling it to be screwed directly onto 
the shaft under test. In this case, an additional bearing 
arrangement is not needed, but provision is made to 
prevent any rotation of the stationary component. 


MECHANICAL AND ELECTRICAL PROPERTIES 

The frictional torque of the transmission unit is very 
low, i.e., about 0-05 gm-cm, owing to the ball bearings and 
the small diameter of the tube sections used. The useful 
life of the ball bearings is very high, and they do not 
require replacement, even after long operational periods 
at 20,000 rpm. The maximum speed is about 40,000 
rpm ; above approximately 55,000 rpm, leakage of 
mercury will begin to occur. The heat developed by the 
unit is very low, the temperature rise at 40,000 rpm being 
only a few degrees, depending on ambient cooling condi- 
tions. The transmission unit can be subjected to sinusoid- 
ally varying accelerations at a frequency of 100 cps, witha 
peak value between 20 and 40g, in any direction, for 
periods up to 5 hours, without any leakage of mercury. 


Fig. 3. Four-channel mercury contactor unit. 

The overall resistance of two series-connected units 
(including the input leads) is between 0-188 and 0-192 
ohm over the entire speed range from zero to 40,000 rpm. 
The range of variation, 0-004 ohm, would represent an 
apparent strain of only 3 = 10-6 in measurements with 
strain-gauges of 600 ohms having a k-factor of 2:1 
(k being the relative change of resistance per unit strain). 
The thermo-electric voltage of two units in series was also 
measured over the speed range, and did not exceed 

+ 10uV. With a constantan-chromium-nickel thermo- 
couple indicating a temperature difference of 600°C, for 
example, the output voltage is about 40 mV, and the 
error due to the spurious voltage is then only +.0-025%,. 
Thus, the measuring errors due to variations in resistance 
or thermo-electric effects are normally extremely small. 

Such values can also be obtained in some cases with 
good slip-ring units, but are normally maintained for only 
a few minutes or at best for a few hours under optimum 
conditions. The mercury unit described here maintains 
these values over periods of at least several weeks of 
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continuous operation. In a strain-gauge test, the resist- 
ance of the unit was found to fluctuate by only about 
+0-0004 ohm, corresponding to a strain of 3 x 10°77, 
which is below the sensitivity limit of strain-gauge equip- 
ment. Prolonged tests were also made of thermocouple 
voltages, and the variation was found to be + 6pV, i.e., 
less than the value given above. 

The temperature correction of the unit is nearly 
entirely due to the leads g in Fig. 1, amounting to 
0-4°,,/°C and corresponding in strain measurements to an 
apparent strain of only 6 x 10°7/°C with a 600-ohm 
strain-gauge. 

The temperature coefficient of the transition resistance 
was not determined, being too small to be of technical 
significance. The effect of accelerations up to 40g on the 
electrical resistance of the unit, with its tubular sections 
stationary, is less than 1°,. The insulation resistance of 


THE development of grain-oriented transformer steel 
sheets has introduced a number of new features into the 
construction of transformer cores and has considerably 
affected the classic design. It was already known that the 
losses measured by Epstein’s method could scarcely be 
attained in the assembled core, and that the discrepancy 
between test figures and actual losses increased with the 
introduction of commercially available grain-oriented 
steel sheets for the general construction of transformer 
cores. 

The higher iron losses measured in the transformer 
core, aS compared with the Epstein test, are due to the 
following causes : 

(1) Dependence of the core losses on the angle in- 
cluded between flux axis and direction of rolling. In this 
connection, it is true that American rolling mills recently 
developed grain-oriented steel sheets with losses that are 
not only lowest in the direction of rolling, but also at right 
angles to it. However, they rise sharply for any inter- 
mediate direction. In any case, these sheets are not yet 
commercially available, and their application is at present 
limited to small cores for instrument transformers, etc. 

(2) Dependence of the watt-less losses on the angle 
included between the flux axis and the direction of rolling. 

(3) Reduction in the magnetizability and permeability 
of grain-oriented sheets with small deviations in the flux 
axis from the direction of rolling. This phenomenon is of 
decisive importance for the design of transformer cores, as 
bolt holes, cooling ducts, and uneven butt joints will cause 
deviations of the flux direction from the direction of 
rolling and will thus considerably contribute to an in- 
crease in the core losses and a reduction in magnetiz- 
ability. This particularly applies to butt or lap joints 
between limb and yoke, where the flux sometimes has to 
flow at right angles to the direction of rolling. It is also 
possible, owing to manufacturing errors, that the edges of 
adjacent sheets in limb and yoke are not parallel and 
make contact at several isolated points only. This will 
cause the lines of flux to deviate and also to crowd to- 
gether at these points, so that high local sheet inductions 
occur. Both these effects will lead to considerable 
additional iron losses. 
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two transmission units located close together was above 
10'° ohms under all operating conditions investigated, 
and is therefore over 10,000 times greater than the values 
for usual disc-type mercury units. 

The noise level of two mercury units in series (i.e., the 
voltage output of the rotating elements by themselves, 
without an externally applied signal) was definitely less 
than 10 pV (with a frequency band from 3 to 50,000 cps) 
below 10,000 rpm. From 10,000 to 30,000 rpm it was 
generally below 10 pV, although values up to 20 and 
40 pV were occasionally recorded in some tests 

The maximum current output of the unit is at least 
0-5 Ar.m.s. Higher currents cause warming-up ef the 
unit by a few degrees. Thus, it can be said that this new 
mercury-type unit fulfils all practical requirements for 
measurements on rotating parts, and is suitable for use in 
a wide field of applications. 


SWITZERLAND 


New Design Trends in the Construction of Transformer Cores 


By H. BrRECHNA. (From Bulletin Oerlikon, No. 326, 1958, pp. 6-14, 11 illustrations.) 


(4) Effects of working on cold-rolled sheets. If, for 
example, the burrs caused during blanking are removed 
by rolling down, local losses are increased by approxi 
mately 60 whilst magnetizability is reduced by 
approximately the same amount. Careful annealing in a 
protective gas atmosphere will partially cancel these 
increased local losses and the reduction in magnetizability 
due to processing. A further important point requiring 
attention during the final annealing operation of trans 
former sheets is the possibility of wave formation on the 
sheets (when passing through a continuous-strip anneal 
ing furnace) or on the sheet packets under a bell-type fur 
nace ; subsequent compressien of the sheets in the core 
will cause bending stresses to be set up 

(5) Additional cross-flux losses in limb-yoke joints 
with both interleaved and butt-jointed cores. If the yoke 
has been reinforced so that the limb and yoke lamina 
tions do not make contact over their whole joint areas, a 
flux component at right angles to the plane of the lamina 
tions will develop and will be directed outwards from the 
centre of the yoke towards the outer sheets ; this often 
occurs with circular or finely stepped limbs and rectangu 
lar yokes. Cross-flux losses are also caused if cold-rolled 
sheets with different Epstein test values are used in one 
core, .¢., where different-quality sheets are used for the 
assembly of the core 

(6) The need to hold and press together the packets of 
laminations and the core by pressure-plates and by bolts 
or wedges. Unless these parts are manufactured from 
expensive non-magnetic material, the core losses are fur 
ther increased by the eddy-current losses in them 

(7) Increases in iron losses, in the case of butt-jointed 
cores, as a result of poor planing of the joint faces 


Metuops OF RepucinGc Core Losses 


As a result of the causes mentioned above, transfor 
mer designers have been obliged to seck measures for 
reducing as far as possible the iron losses in three-phase 
transformers, without the introduction of uneconomical 
features 

The use of cold-rolled steel sheets has induced most 
transformer manufacturers to utilize interleaved cores 
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The original objections to this form of core construction, 
i.e., difficulties in stacking and lapping of the laminations 
and joints, additional labour required for dismantling, 
and re-assembly of the upper yoke for repairs, have for- 
tunately been overcome because of novel manufacturing 
methods, better shrinking of the coils, and the introduc- 
tion of modern equipment. The gain due to reduced iron 
losses of a fully interleaved transformer core far out- 
weighs the loss due to the additional manufacturing 
expense. 

The losses of an interleaved core comprising rect- 
angular yokes and circular or finely stepped limbs con- 
nected by 90-deg. overlapped corner joints hardly differ 
from those of a core where these parts are butt-jointed. 
This difference is still further reduced if the butt-jointed 
core is a “ mixed ” core comprising, for example, a yoke 
assembled from hot-rolled steel sheets and limbs assem- 
bled from cold-rolled material. It is possible to increase 
the yoke section in proportion with the price difference 
between hot- and cold-rolled steel sheets. The resulting 
reduction in yoke induction also causes a reduction in 
yoke losses. 

Earlier investigations have shown how bolt holes and 
rolled-down burrs considerably increase core losses. If 
the burrs produced by the piercing of each bolt hole and 
the cutting of the laminations are removed by abrasion 
with pumice stone, a not inconsiderable increase in manu- 
facturing costs results. Modern cutting and piercing tools 
and improved manufacturing techniques permit the pro- 
duction of burr-free laminations. 

It is obvious that the omission of bolt holes in the 
cores of transformers up to approximately 10 MVA and 
reductions in the number of yoke compression bolts to 
the absolute minimum is a great advantage. As a result, 
the laminations for the limbs and the lower yoke have 
been treated with an ethoxyline resin, in order to confer 
the required rigidity on the core. After the resin has been 
cured, a rigid core, superior in every way to conventional 
cores employing compression bolts or rivets, is obtained. 

Naturally, when ethoxyline resins are used for bond- 
ing the laminations of transformer cores, certain condi- 
tions must be met, and these may be summed up as 
follows : 

(1) Good adhesion to the steel sheets and adequate co- 
hesion during expansion of the laminations from tem- 
perature variations and magnetostriction. 

(2) Lower cost of the resins and greater economy in the 
bonding process itself, as compared with cost and 
assembly of compression bolts, pressure-plates, etc. 

(3) Freedom from health hazards to personnel, or un- 
pleasant working conditions. 

Adequate mechanical bonding strength of the resin 

layers up to 80°C. 

Good fill factor, and resistance to oil and to ageing, 

despite continuous exposure to elevated temperatures. 

Elimination of any need to subject the individual 

laminations of a packet to such special treatment as 

sand-blasting, degreasing, washing, and descaling. 

It is known that ethoxyline resins such as Araldite XV 
are recommended for bonding metal to metal. The resin 
is applied to the thoroughly cleaned and sand-blasted 
metal surfaces by spraying or brushing. The parts are 
then allowed to dry and are stacked or stored prior to use 
to allow the resin to cure. 

This method is, however, hardly applicable to the 
manufacture of transformer cores. Sand-blasting and 
drying of individual laminations are an added espense 
and would cause a not inconsiderable increase in trans- 
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former costs. It is therefore not surprising that this pro- 
cess has so far been applied only to the assembly of relay 
cores and other similar small components. Other 
methods, such as vacuum-impregnation of the assembled 
core, have been used only for the manufacture of small 
transformer cores and cores for relays and transductors. 


IMPROVED METHOD OF RESIN-BONDING CORES 


Systematic development carried out by the Oerlikon 
Engineering Company has led to the introduction of an 
improved and patented method for the bonding of the 
cores, not limited by the size or weight of the transfor- 
mers. The necessary equipment, if applied to large power 
transformers, is, however, rather bulky. Cores, assembled 
from bonded laminations, can comprise standard phos- 
phate-treated or lacquered steel sheets, which require no 
pretreatment. 

The bonding agents specially suitable for this process 
are Araldite F, Araldite B and, in some special cases, 
Araldite D. After stacking of the laminations, the core is 
inserted into a press rig, which also serves as an assembly 
jig for the laminations. If Araldite F or B is employed 
the core has to be preheated. After it has attained the 
required temperature of 120° to 130°C, a thin mixture of 
resin and accelerator is applied to the core. After this 
process is completed, the core is subjected to a certain 
pressure and is cured for a minimum of 24 hours in a 
temperature of 120° to 130°C. After cooling of the 
assembly, the press rig for the lower yoke and the three 
limbs is removed and the top yoke can be stacked. 
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Fig. 1. Tensile strength and tension/shear strength of different Araldite 
resins as a function of temperature. 


(1) Tensile strength of Araldite B and F. 

(2) Tension/shear strength of hot-setting Araldite 
(3) Tension/shear strength of Araldite B and F 

(4) Tension/shear strength of Araldite D. 

These hot-setting ethoxyline resins are not aged by the 
action of transformer oil. Tests have proved that Araldite 
B, exposed for 30 days to the action of oil heated to 80°C, 
showed no measurable decrease in tenacity and shear 
strength. A reduction in mechanical strength can occur 
if elevated temperatures should cause mechanical stresses 
to be set up as a result of differences in expansion co- 
efficients. It is well known that, after a certain minimum 
tenacity has been attained, i.e., after a period of several 
months, no further reduction in the breaking strength 
takes place. This minimum tenacity is between 75 and 
80°,, of the initial value. The tension and shear strengths 
of hot- and cold-setting Araldite resins are illustrated in 
Fig. 1 as functions of temperature, and show that tenacity 
remains practically unchanged for temperatures up to 
between 60° and 80°C. Whilst Araldite F loses its tenacity 
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and also its mechanical strength very rapidly at tempera- 

tures in excess of 100°C, cold-setting Araldites lose these 

properties at 60° to 75°C. Cold-setting Araldites can 
therefore find only limited application in the construction 
of transformer cores. 

The mechanical strength of Araldite is so great that 
packets of laminations bonded together by them can be 
machined without being compressed by other devices. It 
has been found possible to plane bonded cores without any 
difficulties, both parallel and at right angles to the lami- 
nations. Individual laminations can be extracted from a 
packet of bonded sheets, but this occurs only when 
separation of the layer of lacquer or phosphate coating 
from the sheet takes place. 

Moreover, if it is considered that, after assembly of 
the windings, the coils are braced against the core, it will 
be appreciated that the latter will not be sufficiently 
stressed mechanically to permit the limb laminations to 
be torn apart. It is therefore obvious that there will be 
no danger of the core being eventually damaged by 
operation of the transformer or by separation of the 
sheets. 

The advantages of core-bonding and the simplifica- 
tions obtained by means of this process can be sum- 
marized as follows :— 

(1) Continuous adhesion of individual laminations, with 
virtual elimination of bending stresses. 

(2) Simple and inexpensive manufacture. 

(3) Better utilization of the circular core section, with 
either reduction of core losses or of the weight of the 
active transformer parts. 

(4) Low noise level. 

(5) Reduced leakage and hence reduced ohmic losses, 
compared with cores held together by means of bolts 
or rivets. 

(6) Good additional insulation of the laminations 
though no spacers are used, and elimination of the 
risk of core burn-outs with butt-jointed or inter- 
leaved cores. 

(7) Lower pressures required for compression of lamina- 
tions. 

(8) Variations within comparatively narrow limits of 
iron losses in a series of large transformers. 

A practical example of the application of this resin- 
bonding method is that in connection with a 10-MVA 
three-phase transformer with a bonded core and circular 
limb and yoke sections. Bonding was chosen for this core 
because of a condition imposed by the user to keep the 
iron losses at an extremely low value. It was also required 
that the transformers should be capable of withstanding 
a short-circuit test at rated voltage. 

Because of the circular yoke section used, special 
attention had to be paid to the problem of short-circuit 
resistance of the transformer. The coils were therefore 
subjected to a special shrinking process to ensure that no 
changes in their length should occur in operaticn. 

A series of experiments made it possible to develop a 
pretreatment method for “ dry-shrinking © transformer 
coils, so that, in operation, practically no further changes 
in their lengths occur. Shrinking of the coils has to be 
carried out without any subsequent damage to the con- 

luctor insulation. All springy compression elements 
were omitted, so that the active part of the transformer is 
a completely rigid body after shrinking. After assembly 
f the active part, drying, and impregnation of the coils, 
a reduction of only about 3 mm in the height of the wind- 
ing could be observed, the total effective winding height 
being 1390 mm. 


~ 
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A transformer of this series was subjected to single- 
phase short-circuits (two per phase) at full rated voltage 
in a testing station with an infinitely rigid supply system 
The duration of each short-circuit was 0-5 sec, with the 
short-circuit occurring at the moment of zero passage of 
the voltage wave. The tap-changing switch was set to the 
position in which the largest forces could be expected. 
After these short-circuit tests on each phase, checks were 
made of magnetizing current, short-circuit reactances, coil 
compression, insulation resistance of the winding, and 
subsequently the conditions of the butt joints between the 
limb and yoke laminations. There was practically no 
detectable change in these values before and after the 
short-circuit tests. In short, the transformer withstood 
these tests without any trouble and, after impulse and 
applied vcltage winding tests and turns tests, was put 
into Operation. 

In conclusion, it may be affirmed that an iron core 
bonded with hot-setting ethoxyline resin is in every respect 
superior to a core assembled by conventional means 
This method permits the bonding of the cores for trans- 
formers of small and medium outputs. Such cores are 
not only electrically but also mechanically able to comply 
with the most stringent up-to-date requirements 





Mercury Bearings for Precision 
Apparatus 


(Concluded from page 437) 


a suitably shaped bi-concave ring of solid material / 
which, in turn, supports the ring of mercury Il, and so 
on, so that each additional ring of mercury ts located on 
a solid ring and supports another solid ring, all of which 
are interlinked by means of thin rods and are also con 
nected to the rotor a. The mercury rings also communi 
cate with each other through small passages d. Depend 
ing on the height of the mercury column, the pressure on 
the individual rings will be different, but the relative 
pressure between rirgs I and II, and rings IV and V res- 
pectively will be the same at all levels. The annular gap 
e, therefore, need only be made sufficiently small to avoid 
the passage of mercury under the influence of the rela 
tive pressure. 
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Fig. 8 Cascade arrangement 
of mercury rings for bearings with 
increased load-carrying capacity 
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The preserving liquid b fills the annular gaps « and 
extends over the top mercury ring V. The rotor also has 
In Its Upper portion a passage c which ensures good con 
tact between the upper guide grooves and mercury ring 
V. In the bearing used for laboratory tests, the outer ring 
of the carrier was made of polystyrol to enable the 
separate mercury rings to be observed. The load-carry 
ing capacity of this bearing with a mean ring diameter of 
10 mm 1s about 50 gm 





Automatic Control of Vacuum Diecasting Machines 


By M. L. ZASLAvVsKI. (From Liteinoye Proizvodstvo, No. 7, July 1958, pp. 6-8, 6 illustrations.) 


By using sub-atmospheric pressures in the die cavity it is 
possible to pour many light metals and alloys at tempera- 
tures which are much lower than those normally used, 
and the castings produced, which solidify rapidly, show 
better physical properties, smoother surfaces, and less 
porosity. The vacuum-casting technique permits numer- 
ous production refinements, such as designing lighter 
castings by decreasing wall thicknesses, ensuring greater 
dimensional accuracy and improved ductility of the 
material. The elimination of some of the time-consuming 
finishing processes increases productivity and decreases 
costs, while, according to recent experience in one Russian 
plant, the introduction of a vacuum-casting process has 
reduced rejects from 15%, to 0:5%. 














Fig. 1. Schematic arrangement of a simple vacuum diecasting system. 

During the past two or three years, considerable 
attention has been paid to the development of semi- 
automatic and automatic systems of diecasting. The 
application of vacuum methods has made it possible to 
modernize older types of casting machines with cold 
compression chambers. Vacuum systems differ mainly 
in the method and degree of evacuation required. The 
simpler types of machines evacuate the die cavity only, 
whereas more complicated arrangements keep the entire 
casting process under vacuum, from the introduction of 
the metal to the ejection of the finished castings. 

The simple vacuum diecasting system shown in Fig. | 
can be applied to casting machines of 
the goose-neck type and consists of a 


defect, however, is that it cannot prevent entry of molten 
metal into the vacuum tube (2), if the metal temperature 
has accidentally risen above its normal casting range. 

The automatically controlled vacuum diecasting sys- 
tem shown in Fig. 2 effectively combines hydraulic and 
electromagnetic controls and provides a solution to the 
timing problems inherent in diecasting processes. A hy- 
draulic cylinder (21) operates a simple link mechanism 
(20) which controls horizontal movement of the movable 
die (26), i.e., opening and closing of the moulds, while the 
other die half (2) is rigidly attached to the frame of the 
machine. Hydraulic fluid is transferred from a pump (27) 
through a pipe (22) to a valve selector box (15) and also 
to a pressure cylinder (6), operating a plunger (3) which 
injects molten metal into the moulds. When the lever (11) 
is moved from position I to IV, the contacts of switch 
(12) close, operating a solenoid pilot valve (9), which 
admits pressure air to an air cylinder, which, in turn, 
opens valve (8) and closes valve (24). 

During movement of the lever (11), the valves (16) 
and (17) in the main selector box (15) remain closed until 
the lever reaches position III, when valve (17) opens, per- 
mitting fluid to enter the hydraulic cylinder (21) and 
causing closure of the dies. When the lever reaches posi- 
tion IV, valves (16) and (17) are closed, and the contacts 
of switches (14) and (13) close. Movement of the plunger 
(3) is controlled by the regulating valve (24), fluid being 
transmitted to it by a pipe (10) and a valve (8). This 
arrangement, with the aid of a by-pass (7), slows down 
the forward movement of the plunger, during which time 
the contacts of switch (4) close, initiating evacuation of 
the die cavity through a valve (1). The vacuum-pump 
(25) is connected to the die cavity by a tube (18). When 
the pressure in the die cavity has dropped to the required 
level, contacts in the pressure-gauge (19) close and cause 
a relay (5) to operate, opening valve (23) and speeding up 
motion of the plunger (3) until the moulds are filled with 
metal. During this operation, the vacuum tube (18) is 
automatically sealed off by a system of auxiliary valves. 
After the casting cycle is completed, the lever (11) is 
moved from position IV to position I, causing the die 





conventional die (1), the cavity of which 
is connected by a channel of 0-3 mm 
depth to the vacuum tube (2). To ensure 
hermetic sealing of the die cavity, the 
contacting faces of the moulds must be 
very accurately finished. In operation, a 
valve (3), controlled by a spring (5), 
closes the entrance to the goose-neck, 
preventing the entry of hot metal into 
the die cavity until evacuation has been 
completed, after which the valve opens 
and the plunger (4) forces the metal into 
the mould. This arrangement may equally 
well be used for diecasting machines with 
cold or hot pressure chambers; its main 





Automatically controlled vacuum 
diecasting system. 
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What does it cost to drive 
a 10 kW Generator from a 


14/22 h.p. Armstrong Siddeley 
Air Cooled Diesel? 











% 
$0.01385 (1.175d.) per kW/hour 


* Figure supplied by Gt. Raymond Paper Co. of 
Lac Bréilé, Canada. 

ACTUAL COSTS FOR 

26064 HOURS RUNNING WERE: 
Diesel fuel (less tax : 1178 gals.)...... $259.27 
Lubricating oil, filters etc 

Spare parts (fuel filter assembly)...... $20.35 
Fuel consumption (Gals/Hour)......... 0.441 


YEARS OF KNOW-HOW: The diesel 
engines are manufactured with the same 


i 
; 
: 


precision as Armstrong Siddeley’s world- 
famous aero engines. 
MATERIAL - CHECKED: Armstrong 
Siddeley experts regularly visit suppliers 
{ materials and components to check on 
heir quality controls. 
PRODUCTION - CHECKED : As well as 
he standard bench test, which every 
engine undergoes, far more extensive 
sts are regularly made on engines taken 
t random from the production lines and 
ll ASM diesels are approved by Lloyds 
id the Dutch Bureau Veritas. 
HERE IS NO MORE RELIABLE 
TESEL ENGINE. 
hree models: 6-11 h.p., 14-22 h.p., 
-33 h.p. 


Vrite now for brochures. 


ARMSTRONG SIDDELEY Air Cooled Diesels 


ARMSTRONG SIDDELEY COVENTRY AND BROCKWORTH, ENGLAND 


MEMBER OF HAWKER SIDDELEY / ONE OF THE WORLD'S INDI TRIAL LEADERS 


OCTOBER, 1958 Volume 19, No. 10 Ab? 





SAVES » Transport and double handling 
SAVES > Space in your Stores 


SAVES ; Time and money 


and 
machined 
under 


roof Kent Alloys Ltd. are equipped to machine most types of castings in 


Aluminium Alloys 
Magnesium Alloys 
Copper-based Alloys 
Steel Alloys 

Cast Iron. 


Constant liaison between our Foundries and Machine Shops 
ensures metallurgical and dimensional accuracy. 


q 
Kent Alloys Ltd 


ROCHESTER, KENT. Telephone: Strood 767:+ 
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Member of the VEY Birtield Group 
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British Industrial Developments 








Roller-Type Straightening 
Machine 


The new series RS.3} straightening machine announ- 
ced by The Bronx Engineering Co. Ltd., of Lye, Stour- 
bridge, is of the 8-roll type and is capable of straightening 
mild-steel angles from 1} in. up to3 x 3» 4$in., channels 
ip to 4 2 in., squares from } to 1} in., and other sec- 
tions of equivalent modulus. 


The top rolls are individually adjustable, both verti- 
cally and horizontally, vertical adjustment being effected 
by handwheels at the front of the machine, and horizon- 
tal adjustment at the rear. Indicators are provided to 
show the setting of the rolls. A totally enclosed gear unit 
s mounted at the rear and includes a two-speed change- 
sear capable of operating the machine at approximately 
00 and 180 fpm. All the gears are embodied in the box 

self, with the change-speed handle brought to the ex- 
rior. The 35-hp main drive motor is supplied complete 
vith a reversing control gear. 

The main housing of the machine is of all-steel fabri- 
ated construction, with cast-steel wearing plates and 
ush shells welded in position before machining. The 
hole assembly is mounted on a welded-steel bedplate, 

iking the machine self-contained. The rolls are con- 
ructed of chilled iron, machined all over. 


Powder Fluxes for Submerged- 
Arc Welding 


Under the generic name of * Muraflux ”, Murex 
elding Processes Ltd., of Waltham Cross, Herts., are 
\ducing a group of new powder fluxes for submerged- 
- welding. ** Muraflux A ”’, the first of these fluxes, has 
en specially developed to meet the need for a high- 
iality general-purpose flux for the submerged-arc weld- 
g of mild steel, and can be used on either a.c. or d.c 
pplies with welding currents up to 900 A and on all 
ichines suitable for submerged-arc welding 

The flux may be employed with a mild-steel filler wire 
ntaining approximately 2°,, manganese or with a nor- 
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mal mild-steel wire. With both these types of wire, known 
as ** Murawire WI” and ** Murawire W2 ™ respectively, 


“ Muraflux A” produces good-quality welds of a high 
radiographic standard, and can be used for Class | work 

‘** Muraflux A” is suitable for either the single-pass 
or multi-pass welding of various joints in mild steel, as 
well as plug welds and the building up of worn mild-steel 
parts. Good penetration can be obtained, and unfused 
flux can be recovered and used again. 


Test Station for Circuit-Breakers 
and Contactors 


The latest addition to the laboratories at the Lincoln 
Works of J. A. Crabtree & Co. Ltd., of Walsall, Staffs., is 
a short-circuit testing station designed for circuit-breaker 
and contactor testing on currents up to 10,000 A at 440 V, 
3-phase. The alternator used is rated for an output of 
800 kVA, 440 V, 3-phase, 4-wire, and has a rotating 
salient-pole field, its designed reactance being such as to 
give the required short-circuit current. Current is fed 
directly from the alternator terminals to a main circuit 
breaker with a normal continuous rating of 1000 A and 
a breaking capacity far in excess of the maximum short 
circuit current of the alternator 

Leading from the alternator is a network of under 
floor busbars terminating in the testing cell. Placed be 
tween the circuit-breaker and the terminal board are re 
actors and resistors connected in each phase, so that 
prospective current and power factor can be controlled 
down to 100 A. A “* make ™ switch is situated in the test 
cell and provided with an electronically operated point 
on-wave control. Remote control of the whole station is 
provided from a control desk in the test bay directly in 
front of the test cell. Automatic safety devices and signals 
are incorporated. The machine, with its starter and the 
circuit-breaker, the resistors, and the reactors, 1s situated 
in a specially built room which has forced ventilation, the 
incoming air being filtered to exclude dust. Lying between 
the machine house and the test cell is a small dark-room 
so that oscillograms can be processed with the mini 
mum of delay. The test cell is also provided with a dc 
supply from a stationary battery capable of giving S000 A 
at 250 V and over 2000 A at SOO V Suitable control 
resistances are situated in the test station. Provision is 
made in the busbar system for the connection of trans 
formers for higher test voltages 

Ample room for viewing tests by upwards of thirty 





TO LAST! 


on multi-V Drives 


YOU BUY ENDURANCE when you buy Goodyear 
V-Belts, made in types and sizes to suit every job 
from the largest multi-V installations to small 
F.H.P. drives. Longer belt life, more efficient trans- 
mission, less risk of costly shutdowns — these are 
the positive benefits of making good use of the 
Goodyear ‘ job-designed ’ range of belts which are 
backed by more than fifty years’ experience in 
rubber engineering. 

To be sure of longest, most economical per- 
formance it pays to consult Goodyear or your 
Goodyear Industrial Distributor, who will recom- 
mend a suitable belt, and also advise on installa- 


tion and maintenance. 


and on F.H.P. Drives 


GOODFYEAR 


V-Belts . Conveyor Belting - Transmission Belting . Hose . Fenders 
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THE GOODYEAR TYRE & RUBBER COMPANY (GREAT BRITAIN) LIMITED - WOLVERHAMPTON 
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observers has been provided in the test bay, and there is a 
conference table for the examination of apparatus before 
and after test. On manually controlled testing it has been 
found desirable to adopt the system of ** counting down ”” 
to the instant of switching, to ensure that none of the 
observers misse; the critical moment due to shock or 
fluttering eye-lids. 

The test bay has been arranged particularly to suit 
tests On apparatus intended for manual operation by un- 
skilled personnel, an example of such equipment being 
miniature circuit-breakers which may be installed in 
domestic premises or institutions and manually reclosed 
after a short-circuit. In these circumstances, it is most 
important to be able to observe the action of the circuit- 
breaker at close quarters and under quiet conditions. 
These requirements are complied with in the layout of 
the test bay, and in this respect the new test station differs 
from the larger short-circuit testing stations on the heavier 
side of the industry. 


New Creep-Resisting Alloy 
in the Nimonic Series 


A new heat- and creep-resisting alloy in the Nimonic 
series has been introduced by Henry Wiggin & Co. Ltd., 
of Birmingham 16. Designated Nimonic 105, the new 
alloy is a development of the Ni-Cr-Co-Mo alloy 
Nimonic 100 and shows a useful advance in high-tem- 
perature properties. It has greater resistance to creep than 
Nimonic 100 at very high operating temperatures, the 
minimum life to rupture of Nimonic 105 at 7 tsi and 940 € 
being 50 hr. 

An important advantage of Nimonic 105, which has 
already been tested by the British aero-engine industry 
and is now in production, is its improved resistance to a 
specific type of high-temperature corrosion sometimes 
experienced in aircraft and other gas turbines running at 
elevated gas temperatures. This corrosion occurs in 
certain conditions of contamination by solid or molten 
sulphates associated with the combustion process. The 
fuels used in this temperature range are high-grade distil- 
lates, such as aviation kerosene, which at lower tempera- 
tures have little or no corrosive effect. It will be appre- 
ciated that this form of high-temperature corrosion is 
quite different from the fuel-ash corrosion troubles met at 
much lower temperatures when certain types of boiler 
oils are burned in gas turbines. 


Underfloor Diesel Engine 
for Vehicles 


A new underfloor 6-cylinder in-line diesel engine 
designed by F. Perkins Ltd., of Peterborough, has been 
specially developed for installation in vehicles and is 
being fitted in the new forward-control Commer 4-ton 
truck and is also being offered as optional first equipment 
in the new 5- and 6-ton forward-control Commer trucks 
ind the new Karrier Gamecock models. 

Designated type C.305, the new engine, which was 
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exhibited for the first time at the resent Commercial 
Motor Show at Earls Court, London, is an extremely 
compact unit of the ** flat " type (actually, it is inclined at 
a 24-deg. angle above the horizontal), with a bore of 3-6 
in. and a stroke of 5 in. It develops 87 bhp at the maxi- 
mum governed speed of 2400 rpm, the maximum gross 
torque being 216 lb-ft at 1300 rpm 

The engine is fitted with renewable steel-chrome- 
plated liners for extra-long life, a seven-bearing crank- 
shaft, twin-hole injectors, a C.A.V. ** Thermostart " unit 
for easy starting, and a flange-mounted C.A.V. distri 
butor-type fuel pump, which has a single element and 
does not require phasing. The fuel pump is fitted with a 
hydraulic governor, to prevent over-speeding and to 
ensure smooth running throughout the full range of 
engine speeds. A large-capacity belt-driven water pump 
fitted on the front of the head has a curved vane impeller 
to prevent cavitation at maximum engine speed. Incor 
porated in the water-pump outlet connection is a capsule 
type thermostat to permit maximum flow and rapid 
warm-up. High-pressure forced-feed lubrication is 
provided by a rotor-type oil pump, shaft-driven from the 
auxiliary drive by skew gears. An auxiliary oil-feed rail 
ensures adequate feed to the valve-gear 


Epoxide-Resin Resurfacing of 
Radar-Reflector Moulds 


As announced by Bakelite Limited, of London 
S.W.1, considerable savings in production costs have 
been effected at the Redhill works of A. C, Cossor Lid 
by using Bakelite epoxide resin to resurface an existing 
164 7 ft compound-curvature mould used in the pro 
duction of the reinforced-resin Cossor C.R.21 radar re 
flector. Although epoxide resins are widely used in the 
fabrication of new moulds, this is believed to be the first 
time that an epoxide resin has been utilized for resur 
facing a large mould 


The mould, consisting of a wooden “ egg-box " con 
struction surfaced with stone plaster, was built originally 
for the production of a single reflector. As further reflec 
tors were required, an attempt was made to use the same 
mould, but this proved abortive, owing to surface break 
up occurring after the second specimen had been pro 
duced. To obviate the considerable expense incurred in 
the design and production of a new mould, it was decided 
to resurface the existing mould with epoxide resin. The 
was effected by plotting the mould surface accurately 
with a theodolite and building it up to level with glass 
cloth and Bakelite polyester resin. A layer of the slate 
filled epoxide resin was then spread on with a knife to 
cover the whole area completely, after which the new 
moulding surface was rubbed down and polished before 
commencing production 

The resurfaced mould has been used to produce six 
more radar reflectors (all based on Bakelite polyester 
resin) without recognizable signs of deterioration. Ke 
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DUNLOP CAN HELP! 


Rubber Flexible Pipes for instance, are available 
in a variety of rubber compounds to carry a 
very wide range of gases or fluids at high, 
medium or low pressure. 

According to pressure requirements the 

pipes may be re-inforced by one or two 

plies of fabric, or by steel wire braid. 

Fleximet (stainless steel) and P.T.F.E.* 

Flexible Piping also are DUNLOP specialities. aa u N a 2 P 
Dunlop technicians are available to advise on 

all problems concerning the installation and use 

of flexible pipes. Details from 

Dunlop Rubber Co. Ltd., St. Georges Road, TO LAST LONGER 
Coventry. Telephone 64171. 


MAKE PIPES BETTER 





* Polytetrafluoroethylene 8 H/905 
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lease has been exceptionally good, in spite of the difficult 
contours ; a notable feature of the finished product, one 
of the largest intricate one-piece reinforced resin mould- 
ings ever made, has been the extremely accurate dimen- 
sional stability. 


Speed-Reduction Pulleys 

Combining durability with a substantial saving in 
space, power, and maintenance, ** Andantex”’ speed- 
reduction pulleys, the sole licensee for the manufacture 
and sale of which in the U.K. and Commonwealth coun- 
tries is Furnival & Co. Ltd., of Reddish, Stockport, 
Cheshire, are basically designed on the well-known sun 
and planet gear system, but have many advantages over 
the conventional method and are, in fact, standard re- 
duction units. 


The outstanding feature of these units is the unique 
method used to key the planet pinions to their respective 
shafts. In this method, which overcomes the difficulties 
experienced in balancing the load when more than one 
multiple gear train is fitted around the central sun gears, 
the reduction unit is permanently assembled. The 
pinions are mounted on their shafts and left free to rotate 
so that they can take up their natural position. Special 
adaptors are used in the position of the planet shaft 
bearings thus enabling the planet gears to be preloaded 
and set in their correct position in relation to the central 
sun gears. This assembly now forms a mould which is 
preheated, and liquid nylon is injected by a specially 
designed nylon injection press. The adaptors are then 
removed and the correct bearings inserted. Slight 
elasticity in the nylon allows the bearings to give the 
pinions sufficient working clearance and thus equilibrates 
the load upon them. 

Another very important feature of the Andantex 

reduction pulley is the fact that it acts as a safety device 
igainst damage through overload or careless operation. 
Damage or breaking away of the sun and planet gears is 
virtually impossible. When fitted with the standard tor- 
jue arm, the springs will break or twist at three times 
nore load than the normal pulley ratio. With a mechani- 
al torque limiter fitted, the load is preset, and arrange- 
nents are then made so that, on overload, the power ts 
1utomatically cut or the drive disengaged. If, for any 
reason, the particular safety device should fail, then the 
nylon-injected keys within the pulley itself will shear, 
without causing damage, repair of the Andantex unit 
yeing a simple matter of re-injection of nylon. 

The Andantex reduction pulley also provides a 
method of reversibility not dependent upon the addition 
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of extra gears or the crossing of a belt. The direction of 
rotation is governed by the gear ratio employed and 
can therefore be arranged as required. 

These pulleys, which are completely self-contained, 
the case being used as an oil bath and the whole sealed by 
high-duty oil seals, are available in sixteen sizes, to trans- 
mit up to 80 hp. Each size can be fitted with any one of 
the ancillary attachments, either singly or in combina- 
tions, sO as to Overcome any special transmission prob- 
lems. Twenty-one set speed-reduction ratios are available, 
ranging from 2:79 : 1 to 273 : | in cases where the driven 
shaft rotates in the same direction as the driving shaft 
When the driven shaft rotates in the reverse direction, the 
range is from 1-79 : 1 to 272 : 1. 


Constant-Area Diaphragm Seals 

Developed by the Bellofram Corporation, of Burling- 
ton, Mass., ** Bellofram ” seals are now being produced 
in the U.K. by the Oil Seal Division of George Angus & 
Co. Ltd., of Wallsend-on-Tyne. These seals are long- 
stroke, deep-convolution, constant-area diaphragms, free 
positioning and with complete relaxation within their 
stroke. Responsive to small pressure changes, they have 
virtually no mechanical spring gradient and possess 
extremely long stroke and flexing life, performing the 
functions of both bellows and diaphragms, yet superior 
to both in many respects. It should be understood, how- 
ever, that they are not a substitute for conventional 
hydraulic packings, but are designed to meet the specific 
need for a seal with virtually frictionless action, great 
reliability, and 100°,, sealing efficiency. As such, they 
constitute an excellent sealing medium in, among other 
applications, thermostatic valves, pressure-volume trans 
formers, pressure regulators and switches, dash-pots, 
mixing valves, balanced valves, remote positioners, fluid 
barriers, and brake and air-suspension valves for cars, etc 

The major part of the pressure load is supported by 
the central piston, the only area of the seal not supported 
by the piston or cylinder wall being the narrow convolu 
tion, which is subjected to stresses that approximate only 
a fraction of the load capacity of the material. As the 
pressure in the loading chamber is increased, the piston 
moves downwards, causing the seal to roll off the piston 
wall and onto the cylinder wall with a continuous friction 
less action. When the pressure is released in the loading 
chamber, the spring moves the piston upwards, causing 
the seal to roll off the cylinder wall onto the piston wall 
The seals have a self-centering action, and minor eccen 
tricities and cocking of the piston rod or cylinder can be 
tolerated without seriously affecting efficient operation 
of the unit, 


— 


=" 
Bellofram “" seals are 
precision-moulded from high-grade oil- and heat-resistant 
synthetic rubbers, reinforced with high-tenacity fabric 


Requiring no lubrication, 


materials. They are capable of withstanding pressures up 
to 500 psi and temperatures from —80 to | 250 C, and 
are resistant to most oi's and fluids. A standard size range 
has not as yet been determined, but it is likely that sizes 
suitable for cylinder bores of from 1 to 6 in. will become 
available in the near future 
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gives far more power 
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The new ‘ENGLISH ELFctric’ standardised venti- These new motors—from 4 h.p. to 50 h.p. in six 
lated motors using class *E’ insulation and built frame sizes—have endshields and terminal boxes 
togthe latest B.S. specification 2960/1958 which turn to any of four 90° positions for floor, 
give far more power for the same frame size. wall, or ceiling mounting. Publication DM/239 
For a given horsepower the motor required is giving details of the range will be sent on request. 


smaller and lighter and costs less. Most sizes AVAILABLE FROM STOCK 


STANDARDISED AND INTERCHANGEABLE 


ENGLISH ELECTRIC 


BS.D. ventilated motors 
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ADDITIONAL ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 


included in condensed form in this section. 


Subscribers may obtain photostat copies of all original articles at cost. 








The Control of Porosity in High-Nickel-Alloy Welds. 

By G. R. Pease, R. E. Brien, and P. E. LeGrRanp. (From 
The Welding Journal, U.S.A., Vol. 37, No. 8, August 
1958, pp. 354s—360s, 12 illustrations.) 

IN general, molten metal is a good solvent for gas, 
whereas solidified metal is not. This broad relationship 
appears to hold for several of the more commonly en- 
countered gases, except the monatomic inert gases, and 
for many of the metallic elements from which the im- 
portant engineering alloys are made. Assuming that 
porosity is the net result of this drop in solubility at the 
freezing point, and recognizing the very nature of the 
welding operation, it is not surprising that most metals 
and alloys are susceptible, in varying degrees, to weld- 
metal porosity. 

If progress is to be made in the control of this defect, 
it becomes important to establish the identity of the 
offending gases and to examine each alloy or family of 
alloys for specific susceptibilities. To a considerable 
degree this has been done. In the case of mild steel, for 
instance, it has been reported that hydrogen, nitrogen 
and oxygen are all possible sources of porosity, the latter 
gas usually indirectly by reaction with carbon or hydro- 
gen. Hydrogen is particularly troublesome in aluminium 
welds. In the case of several other families of alloys, the 
literature includes references to the possibility of gas 
porosity, but the offending gases are not specifically 
identified. It is the object of this paper, and the experi- 
mental work which it describes, to close this gap as it 
pertains to the high-nickel alloys. The study was confined 
to three high-nickel alloys, i.e., a commercial grade of 
pure nickel, a nickel-copper alloy (Monel), and a nickel- 
chromium-iron alloy (Inconel). Mild steel and four types 
of stainless steel were also included in the test programme 
as reference materials. For each alloy, specific effects 
were established for hydrogen, oxygen, nitrogen, carbon 
monoxide, and carbon dioxide. 

As described in this paper, tests were conducted to 
establish which gases will cause porosity in nickel and 
high-nickel-alloy welds, and to what extent they are 
damaging. Nitrogen was found to be extremely damaging 
to the weld soundness of chromium-free alloys, while 
oxygen, carbon monoxide, and carbon dioxide were less 
o, and hydrogen was innocuous. Chromium-contain- 
ng alloys were more resistant to damaging effects by all 
the gases. 

The addition of titanium and other gas-fixing elements 
to the weld deposit increases the range of the welding 
conditions under which porosity-free welds can be pre- 
pared, but control of arc length and other welding 
variables is also important. 


The er Testing of Vehicle Components. 

By T. F. Stott. (From an advance copy of a paper to 
be aa at a meeting of The Institution of Mechan- 
ical Engineers (Automobile Division), London, on 
November 11, 1958, 10 pages, 17 illustrations.) 

\LTHOUGH some fundamental research relating to 
itigue life may be carried out as part of a development 
rogramme, the vehicle manufacturer is, perhaps, more 
oncerned with the life of actual components or assem- 
lies Operating under given conditions. 

It is only by physical testing that a component can be 
leveloped to approach the ideal design and also to ensure 
hat the required life can be not only achieved but main- 
ained with production-manufactured parts. Fatigue 
esting is thus an important function of the experimental 


. 
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department and may cover various aspects of vehicle 
development or the control of quality during production 
However, to ensure true comparison and reproducibility 
of results, test procedures must be concise and based on 
service experience. Considerable attention must be given 
to failures which might either be reported from the field 
or which might occur during the normal course of the 
vehicle development, so that a service background can 
be built up, thus enabling “road miles” to be closely 
related to * test cycles ” 

In this paper, the fatigue testing of a number of com- 
ponents and assemblies is discussed, together with the 
development of test procedures and testing methods 
The parts covered are in the main those which are the 
more highly stressed and therefore more likely to be 
subject to fatigue failure. It is concluded that, although 
fatigue testing in the laboratory is the only method by 
which the ultimate life of vehicle components can be 
determined under known controlled conditions, a de 
tailed investigation of all service failures and deficiencies 
is an integral part of the fatigue-testing programme, to 
provide the accumulated data so vital in the prediction 
and comparison of vehicle life 

Structural and load-carrying components, as distinct 
from those of the torque-loaded transmission line, can be 
tested on a cobbled road or rough track, also providing a 
useful cross-check on the results of certain rig tests. A 
distance of 1000 miles over a cobbled road represents a 
very arduous test, and components completing this mile 
age without failure are not likely to be the subject of 
service complaints. Accelerated tests, whether in the 
laboratory or on rough roads, are no substitute for exten 
sive road mileage, and duration running must be the final 
check for evaluating the acceptability of the components 
They do, however, provide a rapid means for initial 
assessment and for obtaining comparative results under 
specified conditions 


A Three-Dimensional Theory of Axial-Compressor Blade 
Rows. 

By J. E. McCune. (From Journal of the Aero Space 
Sciences, U.S.A., Vol, 25, No. 9, September 1958, pp 
544.560, 10 illustrations.) 

It has been traditional for many years to study axial 

compressor blade rows operating in either the subsonx 

or the supersonic regime within a quasi-three-dimensional 
or strip-theory approximation, according to which the 
detailed effects of the blade properties can be predicted by 
applying theoretical or experimental cascade results at 
each radial station; in other words, two-dimensional! flow 
in each compressor annulus ts assumed. The universal 
acceptance of this approach is a natural result of its suc 
cess in providing a rational method of designing and pre 
dicting the performance of axtal-compressor blade rows 
particularly in the subsonic regime 

Nevertheless, no clear procedure for estimating the 
relative importance of three-dimensional effects not in 
cluded within the above strip theory has been available 

In particular, the variation of these effects with Mach 

numbers has recently become a matter of considerable 

importance, especially since compressors are now being 
designed to operate at high subsonic or low supersonic 

Mach numbers. The fundamental aim of this paper is 

therefore to clarify the relation between the complete 

three-dimensional theory and the strip theory so widely 
used. In this analysis, in which the general method is set 
forth and its application to subsonic and supersonic cases 
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described, special emphasis has been laid on three- 
dimensional effects not predictable by ordinary cascade 
strip theory, and, in particular, on the transonic blade 
row, for which strip theory fails entirely. 

The three-dimensional linear theory can be success- 
fully applied to axial-compressor blade rows operating in 
the subsonic and supersonic regimes. Although the 
theory is equally applicable to lifting, as well as non- 
lifting, blade rows, detailed study of only the non-lifting, 
or thickness, problem has been carried out to-date. 
Numerical information for determining the eigen-values 
of the radial (cylinder) functions under the conditions of 
vanishing radial velocity of the hub and the shroud and 
for a large number of blades is provided. The relationship 
between the full three-dimensional solution and the usual 
strip-theory approximation, which depends on the radius 
and the number of blades being large, is described, i.e., 
strip theory is shown to correspond to the first term of a 
series development of the flow variables in inverse powers 
of the blade number. Analytic expressions for the three- 
dimensional correction terms have been worked out, and 
these are shown to be proportional to B 2/*, where B is the 
number of blades in the blade row. 

An alternative strip-theory rule, somewhat simpler 
than the usual rule, is suggested and is compared —— 
cally with the conventional rule. It is concluded that, a 
subsonic Mach numbers near the transonic range, ie 
intuitive (conventional) strip theory is superior to the 
simpler rule, but in either case three-dimensional correc- 
tion terms are significant. 

Numerical examples of three-dimensional corrections 
are provided in both the supersonic and subsonic cases. 
It is further concluded that, in contrast with the subsonic 
case, the three-dimensional effects in the supersonic case 
are probably not as important as higher-order phenom- 
ena, and that higher-order studies of supersonic blade 
rows within a strip-theory approximation are justified. 


Measurement of Flame Speeds by a Nozzle Burner Method. 
By C. HALPERN. (From the Journal of Research of the 
National Bureau of Standards, U.S.A., Vol. 60, No. 6 
June 1958, pp. 535-546, 15 illustrations.) 
A GREAT many measurements, using stationary flames on 
burners, of the speed with which flame moves through 
combustible mixtures of gases have been published. 
However, although the method itself seems reasonably 
simple, the results obtained by various investigators often 
are not in good agreement. 

Some of the reasons for the differences among re- 
corded values of flame speed have been studied as part 
of a research programme on combustion, with the 
primary objective of developing the precautions which 
should be observed in applying the method, rather than 
to evolve numerical values of flame speed. In this con- 
nection, this paper analyses progress made since the 
apparatus was originally described in 1951, and presents 
values of flame speeds of methane-air mixtures obtained 
ince then, comparing these values with those obtained 
hy two flame theories. 

The conclusions derived from these investigations are 
is follows : 

The apparatus for determining flame speeds has been 
mproved, so that stable flames, free from oscillations, 
an be maintained on }- and }- in. nozzles at temperatures 

veasured in the throat of the nozzle up to 330 F. The 
ze of the nozzles is such that there are no gross effects 
f the burner on flame speeds, and the temperature of gas 
) the nozzle can be controlled to +0°5'F. Calibration of 
he sharp-edged orifices used to measure the flow of gases 

now considered to be accurate to 0:5°,,. Variation of 
lame speed with fuel/air ratio at constant gas velocity and 

onstant inlet-gas temperature has been determined for a 
ange of temperatures up to 330°F. 

Variation of flame speed at constant temperature with 
ras velocity has been reduced either by using the area 
echnique of measuring flame speed instead of the angle 
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technique, or by improvements in the quality of the 
flame. Two different methods of determining areas of the 
flame yield values of flame speeds which are in close 
agreement. From the study of photographs of flames it 
was found that the diameter of the base of the Schlieren 
cone increases as the fuel/air ratio increases, and decreases 
as gas velocity increases. Conditions of flow in the nozzle 
undoubtedly are the cause of these effects. At an initial 
gas temperature of 112°F, the variation of flame speed 
with gas velocity over the range of gas velocities from 3 
to 7 fps amounts to about 1-5°.,, this variation increasing 
as the initial temperature increases 

Since there still remains some variation of flame speed 
with gas velocity, contrary to theoretical expectations, it 
is evident, that the measurement of true burning velocity 
has not been achieved. However, in view of the relatively 


small variation remaining, it is reasonable to expect that 
the values of flame speeds reported in this paper closely 
approach the true burning velocity 


Thin Metal-Film Corrosion Indicators 
By D. Rotter. (From Corrosion, U.S.A., Vol. 14, No. 6 
June 1958, pp. 21-25, 9 illustrations.) 

AT present, the corrosion indicators used in packaged 
hardware take the form of chemical or electricai devices 
which change their properties in the presence of a high 
humidity. All these methods have, howéver, inherent 
disadvantages ; in fact, insofar as can be determined, 
no corrosion indicator to date will actually determine 
directly the corrosivity of the environment, integrate the 
information over time, or be more sensitive to corrosion 
than any hardware item, when both are in the same en 
vironment, without, however, destructively changing the 
environment. 

During investigations on allied subjects, it was con 
ceived that the use of very thin metal films deposited on a 
suitable substrate might have excellent properties for use 
as corrosion indicators. Thin metal films of the order of 
100 to 5000 A have, when deposited, a characteristic 
appearance. In many cases, thin metal films change their 
visual appearance drastically during the process of corro 
sion. In addition, their electrical resistance increases 
several times, as the metal oxide is normally a much 
poorer electrical conductor than the base metal. It was 
felt that by using the proper materials, both film and 
substrate, a visual and electrical corrosion indicator 
could be produced with many worthwhile properties 
Thus, as the metal film corroded, surface characteristics 
of the film would change radically, and this development 
would be apparent, even to an untrained observer 

As described in this paper, tests were made to find a 
thin metal film which would act. as both a visual and 
electrical corrosion indicator in connection with the 
packaging of hardware items. Selected for testing pur 
poses were thin, continuous iron films which had been 
vacuum-deposited on borosilicate glass and on Plex: 
glass in thicknesses ranging from 100 to 2500 A. Measur 
ing the electrical resistance per inch and computing the 
resistance per square of the films was a convenient 
reasonably accurate method of comparing film thick 
nesses and determining the progress of corrosion. Early 
visual detection of corrosion products was not difficult 
owing to changes in film characteristics However 
changes in clectrical resistance were not great until 
specimens were moderately corroded A marked de 
crease in corrosion occurred when films were too thick 
or too thin and when Plexiglass was used as a substrate 
rather than a borosilicate glass. Tests were conducted in 
atmospheres varying from 0 to 100°,, relative humidity 

The effects of different film compositions and char 
acteristics, substrates, specimen preparation, and metal 
deposition techniques on corrosion rates are not com 
pletely understood. When the interrelationships of these 
factors and their influence on corrosion rate are better 
known, it should be possible to make useful applications 
of thin metal films as corrosion indicators 
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New Materials, Processes, and Equipment 








HORIZONTAL MILLING MACHINES WITH TWO 
DRIVE MOTORS 

New horizontal milling machines with two drive 
motors, instead of one, so as to provide smoother power 
at the cutter, have been developed by the Greaves Tool 
Division, J. A. Fay & Egan Company, of Cincinnati, 
Ohio. The new machines are available in both plain and 
universal models, and feature a separate drive motor, 
mounted in the knee, for powering the knee, saddle, and 
table. In addition, the usual column-mounted motor is 
provided for powering the spindle. 


The two-motor drive arrangement eliminates the 
power losses occurring in driving mechanisms and pro- 
vides maximum balanced power where it is most needed, 
i.e., at the cutter. The spindle support is concentrated 
near the workpiece, and the combination of separate 
drive motor and maximum frontal spindle support pro- 
vides a smooth-running spindle with substantial power. 

The machine, which is exceptionally robust and rigid, 
has a 20-in. vertical table travel, centralized power con- 
trols for all directional feeds, a totally enclosed vertical 
screw for maximum protection against damage by chips, 
push-button control for direction of rotation of the 
spindle, and an electrical lever ccntrol for jog, stop, and 
continuous operation. Other features include a wide 
range of speeds and feeds for all types of work, one-shot 
plunger lubrication to the table, saddle and knee, a 
coolant sump with a built-in filtering unit, and feed- 
change controls in front of the knee for easy access 


SOLDERING IRONS WITH MAGNETIC-TYPE 
TEMPERATURE CONTROL 

Making use of a special alloy which, at certain pre- 
determined temperatures, loses its magnetic qualities and 
at others regains them, the ** Magnastat "’ range of sol- 
dering irons, manufactured by the Weller Electric Cor- 
poration, of Easton, Pa., is believed to be the first to 
employ this principle for maintaining a constant tem- 
perature. 

These irons are normally intended to operate at about 
700° F. When the heat at the tip of the iron changes, the 
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alloy, used as a sensing element and located at the tip, 
changes its magnetic qualities and either makes or breaks 
electrical contact, thereby causing current to flow or to 
be cut off, as required. In this way, the temperature of 
the tip can be controlled to within + 2°, and, as a result 
it is claimed that the tip does not become oxidized or 
pitted like other irons and therefore has a much longer 
life, while dressing or reshaping of the tip is not required 
as frequently as with other types of irons 

The new soldering irons, which are stated to be about 
half the weight of equivalent conventional irons, are made 
of a series of stainless-steel tubes, which not only protect 
the sensing mechanism but also serve to achieve dura 
bility. Three sizes are available, i.e., 8 in. long (40 W), 
84 in. long (60 W), and 9} in. long (120 W). The smallest 
size is particularly suitable for use with printed circuits, 
where the controlled lower temperature is of special 
advantage 


HYDRAULIC FLASH-CLIPPING PRESS 

The new semi-automatic 30-ton hydraulic flash- 
clipping press announced by British Industrial Plastics 
Ltd., of Oldbury, Birmingham, has an overall height of 
under 9 ft, a width of 4 ft 7 in., and a depth of 3 ft 4 in 
The tables are designed to accommodate bolsters 30 in 
square, and in the fixed bottom table is a centrally situ 
ated hole, 18 in. square, for ejection purposes. The maxi 
mum daylight available is 26 n., with a minimum of 14 in 

The pressure range is 10, 20, or 30 tons, derived from 
the 1000-psi feed supply on the main ram, which ts 6 in 
in diameter. This range is achieved by means of a 
* Bipel ’ continuously reciprocating intensifier, which 
can easily and rapidly be set for either a 2:1 or a 3:1 in 
tensification of the feed supply. This range can be varied 
throughout by a reducing valve in the main circuit, and 
the intensifier is not brought into use until the pressure 
on the main ram has reached about 750 psi. The main 
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ram is of the annulus-head type, with a 14-in. stroke and 
a push-back load of 1-86 tons. In order to achieve a fast 
cycling time, two accelerator rams, each 1} in. in dia- 
meter and with a constant feed supply, are used to assist 
in closing. 

The press, which is capable of a dry-cycle time of 3 
sec, has a free-run speed of approximately 600 ipm and a 
full-tonnage working speed of 40 ipm. The distance over 
which the working pressure is applied can be adjusted by 
means of a special slow-closing valve, operated by a cam 
at the rear of the press, allowing fluid at 1000 psi to 
be supplied directly to the annulus side of the main 
ram and at the same time closing the prefiller valve in the 
supply tank. This checks the rate of approach of the 
moving table and, as it comes up against a resisting force, 
full pressure is applied. The press has a push-button 
control and a manual control for use during tool setting. 
Wire-mesh guards are fitted all around, ensuring a high 
degree of safety. With the guard open a window space of 
12 ~ 30 in. is available for the introduction of workpieces. 


AUTOMATIC SIZE CONTROLLERS FOR 
GRINDING MACHINES 

Designed for controlling size on grinding machines, 
a range of automatic controllers has recently been intro- 
diced by Thomas Mercer Ltd., of St. Albans, Herts. Of 
this range, the Mark | model is a two-stage controller, 
which is intended for use on grinding machines with 
mechanical in-feed and is capable of being withdrawn 
either mechanically, electrically, or hydraulically at any 
point during the gauging check grinding cycle. One signal 
stops the in-feed motion at the required stage, while the 
second withdraws the head as soon as the work reaches 
a predetermined finished size. 


The caliper-type mechanical contact gauging head is 
1ounted on a hydraulically operated slide coupled to the 
ydraulic system on the machine and supplies the neces- 
iry pressure variations in the pneumatic system. This 
ide automatically operates the feed onto the work at the 
eginning of cycle grinding and, when the cycle has been 
ompleted, operates the withdrawal from the work in 


nison with the wheelhead. In the base of the sensing 
ilipers is a triple valve which actuates an auxiliary 
ydraulic cylinder and opens the gauging jaws during the 
ivance of the head and, once the fully-advanced position 
reached, allows them to close onto the work. On with- 
rawal, the same opening action takes place. Each jaw 
ssembly is pravided with a carbide contact and is carried 
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on a pair of flat suspension springs. A pair of vertical 
pillars in the lower jaw assembly holds a micro-jet- 
plunger gauging unit in such a way that the contact tip 
engages a pad on the upper assembly and is coupled to 
the controller. Each jaw is independently adjustable in 
relation to the suspension system and the micro-jet unit 

The automatic sizer unit is of compact proportions 
L.e., 11 94 13 in. high, and incorporates a 4-in. dia 
meter indicating dial with a 0-002-in. range and readings 
direct to 0-000! in. Adjustable limit pointers are provided 
on this instrument, which is mainly used for reference 
purposes when zero-setting, and also when setting the 
magnification and the two pressure switches. On the left 
of the unit is the pressure switch for controlling the point 
of in-feed cut-off, the switch on the right being for with 
drawal of the wheelhead. As the indicwtor is effective 
throughout the working cycle, the size «° the work can 
easily be ascertained at the point where the switches 
operate. For each pressure switch there is a red and a 
green signal light. When the red lamp is illuminated it 
indicate; that the electrical circuit is alive, while the green 
light indicates that the function is in progress. In addition 
on the front of the controller unit are switches for selecting 
manua! or automatic operation, and the controls nor 
mally supplied with Mercer air-gauging equipment 
When operated manually, the wheelhead is fed in by 
hand and retracts automatically when the work reaches 
a predetermined size. At this point, withdrawal ts init 
ated by a microswitch 

Of the other models in this range, the Mark 2 and 
Mark 4 models are different sizers for matching holes 
and shafts, while the Mark 3 model is a three-stage con 
troller with three pressure switches and three pairs of 
signal lights 


NEW BRIGHT SILVER-PLATING PROCESS 

A new bright silver-plating proce.s, which is stated to 
impart a permanently hard, mirror finish in both flash 
and heavy deposits, but which is faster and easier to use 
than processes hitherto available, is being marketed by 
the American Platinum & Silver Division of Engelhard 
Industries, Inc. of Newark, NJ The process, called 
* Silva-Brite , has been tested successfully for several 
years by a manufacturer of silver hollow-ware and by 
electronics and electrical-contact manufacturers. Other 
applications include aircraft bearings, bus-bars, and 
wave-guides, and it is claimed that equally good results 
can be obtained in both barrel and regular tank plating 

The process is described as offering relatively rapid 
plating speeds, so that, in addition to speeding up pro 
duction, it is unnecessary to raise the plating solution 
above room temperature. As a result, the plating bath 
has less tendency to decompose, and carbonate build-up 
and cyanide fumes are minimized. In addition, the pri 
cess gives a true mirror-bright finish (100 specular 
reflection), whereas processes hitherto available give a 
finish which is less bright as the deposit becomes heavier 
Also, as distinct from the majority of other bright-silver 
finishes, which tend to soften, even at room temperature 
the plate produced by the “ Silva-Brite process is not 
only quite hard and highly ductile, but actually tends to 
age-harden up to temperatures of 100 ¢ Furthermore 
it will take a final gold coat, as required in certain clex 
tronic applications, ¢.g., waveguides 

The process employs a clear, water-white solution 
making it pessible to watch the work in progress and to 
recover contaminating objects which may accidentally 
fall into the tank. Only one brightening replenisher is 
required, the process is not critical, and the bath can be 
controlled by chemical analysis. According to the com 
pany, all other bright-silver solutions on the market 
to-day contain two or more brighteners, making analyses 
and control very difficult. It 1s also claimed that the pro 
cess gives uniformly good results at current densities 
between 5 and 40 A sq ft and that the throwing power of 
the solution is excellent, affording a more uniform thick 
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ade by |.T.D. Ltd. of Birmingham, the Stacatruc 
24D is widely used in industry. 


he sectional drawings of the transmission and wheel 
earings show the practice followed, with heavy-type 
ifferential gear and full-floating driving shafts to hubs 
arried direct on the axle casing. The drawings show 
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ness of the deposit, even in blind holes and crevices. 
Another advantage is that the brightener used is mainly 
non-organic, while the organic portion is very stable, so 
that the plating solution can be purified, when necessary, 
by filtration through activated carbon, with a negligible 
loss of brightener. Finally, most silver-plating solutions 
can be converted to the * Silva-Brite ” process by means 
of a relatively simple treatment, so that its adoption does 
not lead to loss of any silver as a result of the transition. 


TRANSISTORIZED MICROSECOND STOPCLOCK 

Employing a new range of high-speed counting stages 
to form a comprehensive time-measuring unit, a new 
microsecond stopclock, type TSA 24, announced by 
Venner Electrcnics Ltd., of New Malden, Surrey, mea- 
sures pulse width, period between pulses, and period of 
waveform, and is thus inherently self-checking. The time 
range of the basic equipment is 3 microseconds to 1 
second and can be extended to 27-8 hours, if required. 
The instrument, which is fully transistorized, is much 
smaller than any comparable valve equipment, measuring 
only 22 x 103 8 in. 


The equipment is capable of measuring mark/space 
ratios, period of pulse, or other waveforms having ampli- 
tudes between 0-75 to 500 V peak, and virtually any type 
of measurement can be carried out on contacts without 
the use of ancillary power supplies. Six internally gen- 
erated waveforms are transmitted via a switch and an 
emitter follower to a panel-mounted socket, the frequen- 
cies concerned being | Mc/s, 100 kc/s, 10 kc/s, | ke/s, 
100 c/s, and 10 c/s. 


INFINITELY VARIABLE SPEED THREE-PHASE 
REPULSION MOTOR 

Though virtually one single-phase power unit the 
new infinitely variable three-phase repulsion motor 
developed by the Armature Manufacturing Co., of Old- 
ham, actually comprises two repulsion motors mounted 
in tandem, with the two armatures on the same shaft and 
a commutator on the outer end of each armature. 

The two stators are separately mounted in the same 
frame and are constructed of high-grade laminations 
with heavy-gauge end-sections, each stator being clamped 
up, riveted, and wound before insertion into the frame. 
Each stator is also wound for two-phase voltage and is 
arranged for connection to two phases of a three-phase 
supply, so that one phase is common to both stators. 
This method of connection results in a slight out of 
balance in the current in the common phase, this being 
higher than the other two phases, in the approximate 
ratio of 3:5:3. 

The armatures are also constructed of high-grade 
laminations, clamped up and riveted before being keyed 
onto the shaft. These laminations have punched con- 
ductor tunnels, and the armature is wound with one con- 
ductor bar per slot, each conductor being connected to a 
segment of the commutator. This type of construction, 
designed to withstand the centrifugal forces encountered 
at high speed, has also resulted in improved performance 
by increasing torque and speed and the degree of control 
obtainable. 

A fan is mounted centrally on the shaft between the 
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two armatures, SO as to assist in cooling The brush 
rockers at each end of the motor are mounted in an annu 
lar rack which can be rotated axially around the commu- 
tator. Both these racks engage with pinions mounted on 
a light-steel shaft carried in brackets attached to the 
motcr frame. The end of this shaft can be extended and 
fitted with a handwheel for local control, or coupled to a 
flexible drive cr hydraulic system for remote control 
Changes in speed are effected by manipulation of the 
brushgear control and can be adjusted within very fine 
limits. 

At present, the short-term rating of the motor is 0:3 
hp at 100 and 6000 rpm up to a maximum of 7 hp at 3000 
rpm, the continuous rating being 0:5 hp at S00 and S000 
rpm up to a maximum of 4:5 hp at 2700 rpm, and the 
speed being infinitely variable from zero to 6000 rpm in 
either direction of rotation. However, the development 
of larger motors is envisaged, as there ts already a demand 
for a motor with a continuous rating of 35 hp, Le., a 
short-time rating of 50 hp at 3000 rpm 


MINIATURE CAM-OPERATED TIMERS 

Developed aS miniature synchronous motor-driven 
timers with a high switching capacity, the new type-MS¢ 
cam-operated timers, manufactured by the Electrical 
Remote Control Co. Ltd., of Harlow, Essex, are so com 
pact that the entire unit, including the motor, spindk 
projection, and six change-over switches, can be housed 
inside a space of only 6} 3 4in. The switching 
capacity is 10 A at 250 V a.c. non-inductive, or 6 A at 
250 V inductive 


Between the motor and camshaft a friction clutch u 
fitted, the camshaft spindle projecting through one end 
plate being provided with hand resetting to the zero pos 
tion, if required. The final shaft speed ranges between 
one revolution in five seconds and one revolution in four 
weeks. One of the timer switches can be wired in series 
with the motor and the cam set to open the motor circuit 
at a predetermined point during the cycle, in which cas 
the instrument can be used as a multiple-circunt hand-set 
multiple-interval timing device. All cams are friction 
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LOCKHEED 
Hydraulic pumps 


These Lockheed pumps have been expressly FEATURES 


designed for use in industrial applications, where Rationalized design utilizes 
main components with 
the freedom from limitations of space and weight choice of 3 sizes of cylinder 
has enabled us to use a massive construction with inserts giving deliveries 
from 2 up to 6.5 g.p.m. at 
pressures up to 4000 p.s.i 
(according to delivery). 

As a result, the pumps may be expected to give a For direct drive from suit- 


generous ball and roller bearings. 


able motor, efficient also at 
low speeds. Excellent acces- 
with maintenance of the original efficiency. sibility. 


long, trouble-free life under full load conditions, 


AUTOMOTIVE PRODUCTS COMPANY LTD., SHAW ROAD, SPEKE, LIVERPOOL 24 


Telephone: Hunts Cross 2121! 
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INDUSTRIAL HYDRAULICS 
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mounted on the camshaft, the effective cut-out of every 
individual cam being continuously adjustable ; the set- 
ting of one cam in relation to the others can also be 
adjusted. Normally, these timers are supplied with from 
1 to 12 adjustable cams and change-over switches, but 
timers with larger numbers of cams are also available. 


ANTI-FRICTION BEARING SCREWS FOR 
TRANSMISSION OF POWER AND MOTION 

Primarily designed as a highly efficient device for the 
conversion of rotary motion to linear motion, and vice 
versa, over a wide range of work loads and power inputs, 
the “* Roton”’ anti-friction bearing screw produced by 
the Roton Products Division of The Anderson Company, 
of Gary, Indiana, embodies a simple and effective operat- 
ing principle. 

Using a helical screw and a mating nut, the ** Roton 
anti-friction bearing units are spaced and caged between 
a thread race and an annularly grooved nut which serves 
as the outer race. As the nut and screw are rotated rela- 
tive to one another, the bearings engage both the screw 
and the nut. If rotary motion, i.e. torque, is applied to 
the screw, the nut is driven linearly along the longitudinal 
axis of the screw, thereby producing a thrust force. Simi- 
larly, a thrust force is also produced when rotary motion 
is applied to the nut assembly, driving the screw linearly 
along the longitudinal axis of the assembly. Conversely, 
when a thrust force is applied to the nut (or to the screw), 
a rotary motion is imparted to the screw (or to the nut) 














































In addition, these bearing screws exercise a planetary 
action. Each caged ** Roton ” rotates about its own axis, 
while simultaneously rotating relative to the screw axis, 
resulting in an epicyclic train action. This planetary 
action results in a mechanical reduction of linear advance- 
ment relative to the screw-thread lead, providing a feature 
of mechanical advantage or speed reduction, or both 
By supplementing gearboxes, or even eliminating them 
when the ratio permits, these bearing screws therefore 
effect an additicnal economy in weight and space for a 
complete power-transmission system 

Another important feature of these units is their 
ability to freewheel at the end of their travel, so that the 
torque input is harmlessly dissipated by the slipping of 
the “ Rotons” on the nut or outer race. This occurs 
when the notched or scored end of the cage engages a 
Stop inserted in the screw at predetermined ends of travel, 
pending reversal of motion of the linearly moving piece 
In this way, complete protection is afforded not only to 
the bearing-screw assembly, but also to the drive motor, 
intervening gears, drive pins, etc. 

These anti-friction bearings are caged in the assembly 
in such a way as to be physically independent of one 
another, and at no time is their anti-friction efficiency 
reduced by member bearings scuffing or climbing one 
another in their travel. All bearing units are always 
working. They are not idled in a return circuit to com- 
plete a chain, and they are not dependent on a closed 
ambit for operation, thereby permitting selective design 
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in the number of bearings required for a specific applica- 
tion. Furthermore, the bearings are completely encap- 
sulated in the nut housing, and there are no return cir 
cuits to disturb the exterior symmetrical surface. Typical 
applications include their use in power-actuated side 
windows, seats, and retractable tops for automobiles, in 
hospital beds, in die-lift tables, in materials-handling 
equipment, in power-operated drapes or curtains, and 
in folding or other types of doors 
MULTI-POINT PHERMOCOL PLE 
PURE RECORDER 

A new multi-point thermocouple temperature re 
corder, which provides a permanent printed record of 
the temperature being measured from any one of up to 
500 points, the time at which it was taken, and the chan 
nel identification, is being produced by Savage & Parsons 
Ltd., of Watford, Herts 

The recorder consists basically of two units, one con 
taining a precision voltage supply for the thermocouples, 
together with the printing head, motor-driven slidewire 
and servo-equipment, and the other an extension box 
housing 50 thermocouple connections, selector switching, 
and provision for a “ cold-junction oven’. Additional 
extension boxes, each with 50 thermocouples, can be 
added, as required, to give up to 500 points. The maxi 
mum temperature range with which the equipment can 
deal is between 800 and 1000 C, depending on the type 
of thermocouple used 

The measurements are recorded on a strip chart, 3 in 
in width, capable of accommodating a total of 3000 read 
ings on its 50-ft length. The maximum rate of printing 1s 
approximately 100 measurements per minute, each 
measurement comprising the three variables, 1.¢., time 
temperature, and channel. An added advantage ts that 
by employing an alternative extension box with resistance 
Strain-gauges, instead of thermocouples, the equipment 
can be used as a multi-point static strain recorder 

On the Savage & Parsons stand at the “ Atoms for 
Peace" Exhibition at Geneva, a pre-production model 
of this equipment was shown attached to a small model 
of a reactor core, one of its expected uses being in 
connection with the continuous reading of reactor-core 
temperatures 


TEMPERA- 








CAPILLARY TUBING IN LONG LENGTHS 
Capillary tubing is now being supplied by the Supe 
rior Tube Company, of Norristown, Penn., in lengths up 
to 3000 ft and with flow-rate tests, if required. The pre 
vious maximum length was 500 ft. The advantages of the 
increased length are that it allows continuous automat 
fabrication of the tubing, with a minimum of down-time 
for changing reels, and that it permits the use of one con 
tinuous length of tubing from a sensing clement to the 
indicating, recording, or controlling section of instru 
ments. Furthermore, greater uniformity ts possible than 
when drawing the same size of tubing at different times 
under different conditions and with different dies and 
mandrels, thus facilitating instrument calibration 

Capillary tubing is usually defined as tubing which is 
approximately 4 in. or less outside diameter, with wall 
thicknesses generally greater than the inside diameter 
Most of the capillary tubing supplied by the company is 
made from various types of stainless steel, from carbon 
steel, or from nickel, Monel metal, and Inconel, though 
capillary tubes can also be supplied in other materials 

The commercial tolerance spread on both outside and 
inside diameters is 0-002 in. on sizes up to & in. o.d., and 
0-003 in. on sizes from 4 to & in. o.d. inclusive. In cer 
tain o.d./1.d. combinations, tubing with tolerances that are 
closer than commercial can be produced. Normally, the 
tubing is supplied with a pickled finish on the exteriwr 
but it can also be supplied with a polished finish on 
lengths up to 39 ft maximum. The interior surface finish 
is extremely smooth, uniform, and bright and is free 
from discoloration 
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TAPER SHANK 
TWIST DRILLS 


OUTSTANDING 
AMONG 
ALL OTHERS 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 


SHEFFIELD ENGLAND 
DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 
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FIRST ITALIAN 
MACHINE TOOL EXHIBITION 
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A PICTORIAL SURVEY 







(Above) Vertical milling machine, type M4V 
(Oerlikon Italiana Soc. ind per Az.) 





(a) Checking instrument for involute tooth profiles 
type F-360. (S.A. italiana Ingranaggi Maag) 


(b) Production lathe with ‘* Duplomatic hydraulic copying 
attachment (Sicme Soc. Ital. Costruzioni Meccaniche) 


(c) Shaping machine with universal table 
(Misa! S.0.s. Leto) 


(Below) Plane-milling machine, type F.P 
(S.p.A. Navalmeccanica O.M.F.) 





Type A.F.250 milling and boring machine, with slidable column and 250-mm diameter boring spindle. 
(Off. Mecc. Conti Luigi & C. S.r.1.) 





(a) Vertical milling machine. (Riva Officine Meccaniche) 
(b) 80-ton inclinable eccentric press. | (S.p.A. Ettore Roche) type P2E2Sq 315/2, |. (L. Schuler AG.) 


315-ton double-sided double-eccentric press, 
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(Above) ‘* Castmatic 600 '* cold-chamber self-contained diecasting machine. (Triulzi A. Off. S.a.s.) 
(Below) Automatic lathe, type 50-E, with camless automatic cycle. (Minzonti Giuseppe & C. S.p.A.) 





(a) Hydraulic-feed multiple-spindle drilling machine, type GB2. (X. Fendt & Co) 
(b) Automatic vertical tapping machine, model t.30. (joannés) 
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Horizontal boring machine, model AL. 28, fitted with electro-hydraulic control, for boring and facing tractor 
gearboxes. (Fiat $.p.A.) 
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CALwES 


Three-roll, 19-stand stretch-reducing mill, with (right) a detail 
view of one stand. 
(Innocenti Soc. Gen. per Industria Metall.) 


Hydraulic key-seating machine, Multi-spindle drill-head, type M18. 
type KZ 90. (Fromag) (Ditta Giovanni Guidetti) 











(Left) Instrument for checking o.d. during grinding. (App. Elett. Marposs) Type PE4s 50/630 high-speed die press, designed fo: ki 
Right) Pneumatically operated mechanical hammer, type PA-6000. quantity production. 


“Havo’’ No. 12 precision cutter and tool . as , 
grinder, with tiltable wheelhead. Horizontal boring, drilling, and milling machine, model AL.76. 


(Robert Habib & Cie.) (S. Rocco Off. Mecc. S.p.A.) 


Hydraulic internal grinding machine, model Automatic ultrasonic cleaning plant. 
RIM.9. (Minganti Giuseppe & C. S.p.A.) (Apporecchi Scientifici Federici Sez. industr.) 








4perindumill '' No. 5-59 universal miller. Horizontal boring machine, model UAC, with 4-in. diameter spindle and 








(a) Automatic-cycle external and internal broa¢ 
machine. 
(Off. Mecc. Milan. di Prec. Varinelli S, 


(b) Colt Patent eccentric press. 
(International Mercury Corpora 


(c) Vertical precision surface grinding machine. 
(Fratelli Cam 


(d) Hydraulic vertical internal broaching machine. 
(S.p.A. Magnaghi Brughe 


(e) Automatically controlled Guillotine shears, 
145 CIS. 
(Off. Mecc. Romildo Mar 


(f) Type GL-75 boring and milling machine. 
(S.r.1. i 


(g) Universal lathe tool equipment for internal 
external work. 
(Impero, Piac 








MOTOR STARTER WITH ELECTRO-MAGNETIC 


OVERCURRENT RELEASES 


If 


TICINO 


WARRANTED 
ELECTRICAL 
SWITCHES 





SUITABLE FOR MOTORS UP TO 
15 HP AND WITH FULL LOAD 
CURRENTS AS LOW AS 0,65 A. 


FOR FURTHER INFORMATION ON OUR 
WIDE MANUFACTURING PROGRAMME 
APPLY TO: 


sp.a4 BASSANI 


MILANO Corso di P. Vittoria, 9 


UFFICIO PUBBLICITA TICINO Jentina t 
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“IN ONLY 21 SEGONDS! 


On test the new Nu-Swift 30 lb. powder extinguisher put out 
250 square feet of roaring petrol fire almost as quickly as you 


can read these words. 


This tremendous speed of attack is the 


most important single factor in fighting fires involving highly 


inflammable liquids or live-electrical apparatus. 
Post your coupon for full details today. 


proved it. 


Tests have 
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, 
industrial processes in which 
inflammable solvents are used 
paraffin or inflammable cutting 
oils 

electrical risks such as oil-filled 
transformers, switchgear and 
circuit breakers 

oil quenching and tempering tanks 
solvent recovery plants 
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SPECIALLY SUITABLE FOR USE ON FIRES INVOLVING 


cellulose spraying booths 


stores of gas oil, benzol, 
paraffin and petrol 
hot, heavy oils 
oil-fired boilers, 
furnaces 

oil storage tanks 


ovens and 


garage and transport depots 








YOU CAN RELY 


ON NU-SWIFT BA cna aero: | 
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THE FACTS ABOUT MODEL 1630 


* 30 Ibs. of dry powder, pressurized with 11 ozs. of 
carbon dioxide which expels the contents at the rate 
of 1 lb. per second for 28 seconds. * The powder is 
non-toxic, non-conductive of electricity, non-abrasive, 
frost proof down to —40°F., and harmless to machinery. 
* Easy to operate for untrained personnel, used in the 
sensible upright position and almost instantaneous in 
action. * The powder cloud has great heat-shielding 
properties, enabling even an amateur to tackle a 
serious fire effectively. * Easily installed, the Model 
1630 also reduces maintenance costs. A _ tell-tale 
gauge provides instant visual confirmation that the 
extinguisher is under pressure. 


Please let us have ful! details of the new Nu-Swift 
Model 1630 dry powder extinguisher. 

Name 

Address 


For the attention of Mr 

IN THE SOUTH to Nu-Switt Limited, (Dept. No. $314 
. Piccadilly, W.1. (REGent 5724 

IN THF NORTH rie tay Swift Limited, (Dept. No. N314 

(ED9) Elland, Yorkshire. (Elland 2852 
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NEWS OF THE MONTH 











PERSONAL 

Mr. George Campbell, B.Sc., A.R.C.S.T., F.R.LC., 
A.M.I1.Mech.E., has been appointed general manager of 
the Chemical and Metallurgical Division of The Plessey 
Company Limited. 

Stockdale Engineering Limited announce the appoint- 
ment of Mr. Ilan MacLeod, M.A.S.M.E., A.M.I.P.E., as 
technical director. 


Mr. W. L. Baker, manager of the Metal Finishing 
Division of The Pyrene Company Limited, has retired 
after 30 years service with the company. He is succeeded 
by Mr. H. A. Holden, M.Sc., A.R.C.S., D.1.C., A.1.M. 
Mr. H. F. Parshall, M.A., T.D., continues as director in 
charge of the division. 

Londex Ltd. announce that they have appointed 
Mr. D. R. Western technical representative for Dorset, 
Hampshire, and West Sussex. 

Mr. James Royce, the well-known furnace designer, 
has recently been appointed to the board of directors of 
Hedin Limited. 


Mr. J. Radley has joined Electroflo Meters Co. Ltd. 
to undertake work on electronic development in the 
company’s Engineering Department. 

Mr. R. F. Harvey, formerly export manager, has been 
appointed general sales manager (Cables) of The Tele- 
graph Construction and Maintenance Co. Ltd. Mr. E. H. 
Gosling continues as Home Sales manager, and Mr. J. L. 
Woollett, A.M.I.Mech.E., A.M.I.E.E., formerly London 
Branch manager, is appointed export sales manager 
(Cables). The North London area will in future be 
managed by Mr. H. T. Walker, the Central London area 
by Mr. A. A. W. Barnes, and the South London area by 
Mr. B. Keefe. 


Mr. C. E. Roebuck has been appointed chief estimat- 
ing engineer of the newly created Engineering Estimating 
Department of Steel, Peech and Tozer. 

Ashmore, Benson, Pease & Company announce the 
appointment of Mr. G. B. Taylor as sales manager 
(Works Division), and of Mr. R. H. Foster, A.M.I.C.E., 
as works manager. 

Mr. G. W. Kelland, A.M.I.Mech.E., Assoc. Inst. T., 
has been appointed public relations officer of the Birfield 
Group, Mr. William B. Broadbent, A.M.I.Loco.E., has 
joined the Railway Division of Birfield Industries Limited. 


Mr. George S. Cope has been appointed general 
manager of Freeman, Taylor Machines Ltd., of Syston, 
Leicestershire 

Edgar Allen & Co. Limited announce that Mr. J. 
Higginbotham has been appointed deputy general man- 
ager, and Mr. J. D. Studholme assistant general manager, 
of their Engineering Department. Other appointments 
in this Department include Mr. A. Brunton as commercial! 
manager, Mr. A. Wallis as chief draughtsman (produc- 
tion), Mr. J. D. Lee as chief draughtsman (development), 
ind Mr. S. Carter as chief estimator. 


Mr. R. F. Hatto, sales manager of Wolf Electric Tools 
Ltd., has retired after 45 years service with the company. 


Mr. A. C. Stewart and Mr. P. W. Robinson, 
A.M.L.E.E., have been appointed assistant sales man- 
agers of Westool Limited, of St. Helen’s Auckland, Co 
Durham. Mr. Stewart will handle coils, solenoids, fans, 
motors, and transformers, while Mr. Robinson will be 
responsible for electromagnetic brakes and clutches 
control equipment, vibrators, and grinders 
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BUSINESS NOTES 


The sole selling rights in the British Isles for the range 
of pneumatic tools manufactured by Gebr. Béhler & Co., 
of Vienna, have been acquired by Tilghman’s Limited, of 
Broadheath, Altrincham, Cheshire. To cover the ground 
opened up by this new line, Tilghman’s have inaugurated 
a Pneumatic Tools Division at | Chester Street, London 
S.W.1, under the management of Mr. F. Marsh. This 
new section will work in close collaboration with the 
existing Air Compresscr Division 


It is announced by The Plessey Company Limited, o! 
Ilford, that they have concluded a licensing agreement 
covering the manufacture in Great Britain of silicon 
rectifiers for military, commercial, and industrial uses 
with General Instruments Corporation, of New Jersey 
The agreement provides for Plessey to receive compre 
hensive technical information relating to manufacturing 
techniques and processes for more than 200 types of 
silicon rectifiers developed by the American company 
In addition, Plessey receives British and West European 
manufacturing and sales rights in respect of rectifiers to 
General Instruments design 


The executive and sales organizations of Whiffen & 
Sons Limited is now concentrated entirely at their Lough 
borough factory. All enquiries and correspondence 
should therefore be directed to them at their Willow 
Works, Derby Road, Loughborough, Leicestershire 
The publicity and advertising department will remain at 
Fison House, 95 Wigmore Street, London, W.1! 
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COATED CLIPS 
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Proof against atmospheric corrosion and many 
chemicals, insulated, immune to mould, happy 
in temperatures up to boiling point, these 

clips have many uses. Sizes to grip range from 
} to 2 inches and colours available are black, 


white, grey, blue, red and green. 
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THE LEWIS SPRING CO. LTD. 
Resilient Works, Redditch 
Tel. Redditch 720. PBX 


London Office 
122 High Holborn, W.C. 


Tel. Holborn 7470 & 7479 
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A new company for promoting export sales of the 
products produced by Coventry Climax Engines Ltd. is 
now in process of formation and will be based at the 
present Coventry Climax London offices and showrooms 
at 163 Piccadilly, London, W.1. The chairman of the new 
company will be Mr. Leonard P. Lee, chairman and 
managing director of Coventry Climax Engines Ltd. 
Other directors will be Mr. Hugo W. M. Fleury and Mr. 
Percy W. Cooper. Mr. J. Peter Ford has been appointed 
nanaging director. 

Imperial Chemical Industries Limited, Metals Divi- 
ion, is to establish the first plant in Europe for the 
»xroduction of wrought beryllium. The plant is designed 

» produce semi-fabricated forms of the metal, e.g., rod, 
ube, and plate, and finished machined parts. Its first 
ask will be the execution of a production-scale contract 
laced with I.C.I. by the United Kingdom Atomic Energy 
suthority (Industrial Group), as part of a nuclear deve- 
ypment project. Subsequent spare capacity may find 
dditional outlets in aircraft and missile applications. 

The Visco Engineering Company Limited, of Croydon, 
innounce that they have appointed Swansea Sheet Metal 
‘ngineers Ltd., Albion Works, Morriston, Swansea, as 
their agents for South and Central Wales, together with 
the counties of Monmouthshire and Gloucestershire. 

It is announced that The Power-Gas Corporation 
Limited, John Thompson Limited, and Humphreys & 
Glasgow Limited have formed a new company, i.e., 
Nuclear Chemical Plant Limited, which will be concerned 
with the design and engineering of process and treatment 
plant for the nuclear industry. 


CONTRACTS 
Export orders for high-voltage testing equipment 
worth £100,000 have been received from Brazil, Canada, 
Finland, and Argentina by Ferranti Limited. The largest 
single order is for 4000-kKVA, 600-kV a.c. testing equip- 
ment which is being supplied to a cable manufacturer in 


Finland for cable-testing purposes. This equipment will 
incorporate power-factor improvement by means of con- 
tinuously variable moving-coil reactors and will be de- 
signed to operate either as a series or parallel resonant 


circuit. The remaining orders include a 1600-kV, 44:8- 
kW-sec impulse generator for Brazil, one of 1600 kV, 
80 kW-sec for Canada, and another of 1800 kV, 22:4 kW- 
sec for Argentina. These impulse generators will be 
designed so as to be readily extended at a later date to 
provide any increased output voltage which may be 
required for future developments. 


Orders worth more than $1,000,000 have been placed 
with E.M.I. Electronics Limited for advanced-type air- 
beams radar equipment for use in aircraft of the Royal 

Canadian Air Force, in the face of strong competition 
from United States and Continental companies. The 
radar equipment is the latest aid to submarine detection, 
and is being fitted in the new “ Argus” aircraft—a 
Canadian-manufactured military version of the ** Britan- 
nia ’’—designed for long-range anti-submarine and recon- 
naissance work. The equipment, which has been specially 

dapted to meet the needs of the R.C.A.F., is lighter and 
ore compact and has a higher performance than other 
juipment of a similar type. In addition to its use in anti- 
bmarine work, it can be used as a navigational aid. 


Mirrlees, Bickerton & Day Limited, of Stockport—a 
ember of the Hawker Siddeley Group—are to supply 
iree generating sets for a new power station being built 
ider the Empire of Iran Development Plan at Ghazvin, 

city of 70,000 population, about 100 miles north-west of 
eheran. The generating sets will comprise one KSS6 
Airrlees engine of 1486 bhp continuous rating, driving a 
000-kW Brush alternator, and two KS5 Mirrlees engines 
f 758 bhp continuous rating, driving 500-kW Brush 
ternators. These three sets will provide electricity for 
1¢ whole city. In addition to the generating sets, the 
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Brush Electrical Engineering Co. Lid. are also supplying 
all the switchgear and transformers, cooling equipment, 
oil-storage tanks, and power and lighting equipment for 
the station and the station crane. All step-down trans- 
formers and cables for the town network will be supplied 
by Mirrlees, although their agents, the Mah Group Co 
Ltd., who are the main contractors for the supply and 
installation of all the rest of the equipment, will not be 
responsible for the erection of these. 


Three orders for radio channelling equipment worth 
almost £250,000 have been received by Automatic Tele- 
phone & Electric Co. Ltd. Of these, one order comes 
from Yugoslovia for 24 terminals of equipment, which 
will operate on wide-band radio links and can provide 12 
circuits in the 6-54 kes band or 24 channels in the 6-108 
kes band. Each circuit is provided with an outband 
signalling path suitable for ring-down or dialling 
operation. 

The second order is for carrier channelling equipment 
of larger capacity but of a similar type for a microwave 
radio system to link St. John’s, Newfoundland, with 
Sydney, Nova Scotia. The system, which has been ordered 
by Canadian National Telegraphs, will have intermediate 
connections to Cornerbrook and Gander, and there will 
be 180 circuits altogether, including a number of pro 
gramme channels which will be used by the Canadian 
Broadcasting Corporation 

The third order comprises similar equipment, to be 
supplied to the Royal Air Force for use on microwave 
links at R.A.F. installations overseas 


NEW CABLE RESEARCH LABORATORIES 
IN ITALY 


New electrical cable research laboratories have just 
been opened by Pirelli S.p.A. at Bicocca, Milan. Stated 
to be among the most advanced laboratories of their type 
in the world, the new research centre brings together 
under one roof the various laboratories previously main 
tained by the company in different places 

Employing over 150 technicians and scientists, whose 
activities range from pure research to production prob 
lems, the new laboratories occupy about 129,000 sq ft 
and include, among other specialized units, laboratories 
dealing with research in electrical and mechanical types 
of cable insulated with impregnated paper, plastics 
or rubber, a telecommunications laboratory, a rubber 
laboratory, and a laboratory for research into oil, 
plastics, paints, and metals. Four auxiliary laboratories 
are connected to the laboratory for physical testing of 
electrical apparatus, theoretical and statistical studies, 
and commercial studies in connection with tests on raw 
materials used in the production of cables. A library 
forms part of the centre and accommodates some 2000 
books and 4500 scientific magazines 
CLEAN-AIR CONFERENCE AND 

AT LLANDUDNO 


The National Society for Clean Air held its annual 
conference at Llandudno from Oct. 1 to 3, 1958, a new 
feature this year being a Clean-Air Exhibition The 
programme of the conference, which was attended by 
over 750 members and delegates—a record number 
included a Presidential address by Dr. Lessing, entitled 
*“ Clean Air on the Way ", and sessions, with papers and 
discussions on the following subjects 

Industrial Aspects of the Clean-Air Act : (n this session 
papers were read by G. W. Farquharson, Chief Smoke 
Inspector, Birmingham, on ** The Control of Dark Smoke 
Emissions"; by T. M. Ashford, Senior Smoke Inspec 
tor, Glasgow, on “ The Control of Grit and Dust" ; and 
by N. Bastable, Chief Public Health Inspector, Barking 
on “ The Height of Chimneys " 

Forum on Smoke-Control Areas This consisted of a 
review of reports from the Society's divisions by Dr 
Liywelyn Roberts, Medical Officer of Health for Sheffield, 
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British Oxygen fit their 
Argonarc welding torches with 
SINTOX Ceramic Shields, 
having proved that SINTOX 
successfully withstands the 
thermal stresses imposed by the 
process. SINTOX 

is in the forefront o 


industrial development. 


RIGHT Air-cooled Torch. For currents 
up to 100 amps. 


LEFT Water-cooled Torch. Maximum 
current capacity 350 amps. 
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Consistent supply voltage is essential to industry for 
manufacturing processes and to extend the life of 
important electrical plant. 
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ations in supply voltage, regardless of variations in 
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and included an open discussion on the reports, and the 
answering of questions by a representative panel. 

General Technical Session : This contained papers on 
“ Air Pollution in and Around London’s Smokeless 
Zone” by T. S. Pindard and Dr. E. T. Wilkins ; * At- 
mospheric Pollution and Respiratory Disease * by Dr. D. 
D. Reid; “Hazards from Airborne Radioactive 
Matter” by G. B. Courtier; and “An Automatic 
Smokeless Stoker for Central Heating * by D. V. Brooke 
ind Dr. S. A. Burke. 

The conferences of the N.S.C.A. and its forerunner, 
he National Smoke Abatement Society, are of especial 
alue as a meeting place for all those concerned with the 
onquest of air pollution, including members of local 
iuthorities, government departments, industrial con- 
erns, medical, scientific, and technical bodies, and 
yrivate individuals. The value of the conference was 
ncreased this year by the exhibition, which showed the 
atest methods for the prevention of smoke and other 
yollution, ranging from dust collectors for power 
tations and mechanical stokers for industrial boilers to 
mokeless fuels and better grates for the home. 


DEMONSTRATION OF LINKED FISCHER COPY- 
ING LATHES WITH AUTOMATIC LOADERS 
At a recent demonstration held at Schaffhausen, 

Switzerland, by George Fischer Limited, the potentialities 

of a line of their linked copying lathes, type KDM-11/70, 

vith universal automatic loaders and a conveyor system 
for transporting blanks, were clearly shown. 

BaSically, the installation consisted of six of these 
athes, with type ULA-I1 universal automatic loaders, 
linked together in two lines, each line serving to machine 
a component in three operations. The ULA-1I1 loader 
s a Standard unit which can be adapted for any type of 
workpiece by fitting various workpiece holders, which 
can be moved as required in three directions, i.e., parallel 
to the centre-line, 90 deg. horizontal to the centre-line, 
and 90 deg. vertical to the centre-line. As a result, it is 
possible to utilize in each case the most suitable loading 
cycle for the prevailing operating conditions. 

The blanks arrive on the conveyor at machine No. | 
for the first operation, after which they are again trans- 
ported by the conveyor to machine No. 2 for the second 
operation. Machines | and 2 stand back-to-back, so as 
to avoid the need for turning the workpieces through 180 
deg. After leaving machine No. 2, the conveyor carries 
the workpieces to machine No. 3 for the final operation 
The cycle for machines 4, 5, and 6 is identical. 

These two lines, which have been built for a leading 
European motor-car factory, are capable of producing 
1000 pieces in 16 hours at 80°, efficiency. 


“ KINGS IN INDUSTRY ”—A FILM ON 
MECHANICAL HANDLING EQUIPMENT 
Clearly illustrating the adaptability of their mechani- 
il handling equipment, the new film ** Kings in Indus- 
iry ’, released by Geo. W. King Limited, of Stevenage, 
Herts., covers the main products of the company and 
hows actual installations in operation throughout Great 
Britain. 
After briefly introducing the works and drawing 
ffice, the film deals with electric chain pulley blocks and 
ists, ranging from the handling of heavy logs to light 
achine tools and the carrying of finished tractor engines 
om the assembly line to the adjoining shop at the works 
f the Standard Motor Co. Ltd. This is followed by a 
quence covering overhead cranes, ranging from under- 
ung units with electromagnetic handling equipment to 
he 12-ton latching cranes of 77-ft span installed 90 ft up 
n the assembly hall of the Bristol Aircraft Co. and two 
hipyard cranes of 100-ft span and 7-ton capacity and 
0-ft span and 20-ton capacity respectively. 
Other sequences are devoted to “Ski-Wracker”’ stack- 
ng and storage units and to “* Under-tug " and * Over- 
~ 
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tug conveyors. The ** Ski-Wracker ” units, shown in 
operation at the Bristol Aircraft Co., may be said to 
combine the functions of a conveyor system and a fork- 
lift truck and have been specially developed to operate in 
narrow, confined spaces. An example of an ** Under- 
tug ” floor conveyor is shown in use at a United States 
Air Force warehouse in the U.K., in which 400 trucks or 
trolleys circulate over 7000 ft and can be engaged or dis- 
engaged at any point in the system. The ~* Over-tug ™ 
overhead conyeyor system, shown in operation at 
Hepworth & Grandage Ltd., is similarly used to circulate 
trucks but, by virtue of the overhead engaging and dis 
engaging system, the floor of the gangway remains 
completely unobstructed 

In addition to other practical applications of King 
conveyor systems, including “* Dual-Duty ” conveyors 
for Dunlop tennis-racquets and a light * P.C.P.”" con 
veyor for Swiss rolls at J. Lyons & Co. Ltd., extensive 
coverage is devoted to the enormous mechanical handling 
scheme installed at the Longbridge works of the Austin 
Motor Co., where over 17 miles of King conveyors of 
various types are in operation, including automatic over 
head conveyors, drop sections, boom conveyors, and 
floor conveyors, some of which are automatically con 
trolled by a Hollerith punched-card system, in accordance 
with production requirements. The shots of this conveyor 
system are particularly noteworthy, and the sight of large 
numbers of components, engines, etc., quictly and stead 
ily ambling along their predestined course like puppets 
apparently aimlessly, but in reality so purposefully —is 
quite startling, and constitutes an unforgettable demon 
stration of the advantages and potentialities of mechanical 
handling 

In short, this film is an excellent one of its type, and 
both Geo. W. King Limited and Paul Barrilet Produc 
tions (whose camera work, despite the manifest technical 
difficulties of a film of this kind and scope, is excellent) 
are to be congratulated. Furthermore, John Snagge's 
commentary is refreshingly concise and instructive. If, as 


we have been told, this is Geo. W. King’s first film pro 
duction, we are looking forward to seeing their next ven 
ture, which we understand is already under way 

Copies of the film (16-mm, sound, black-and-white 
24 min running time) are available on free loan to works 
technical associations, and similar organizations on 
application to Geo. W. King Limited, Argyle Works 


Stevenage, Herts. (Telephone : Stevenage 440) 
LABORATORY FOR TESTING PACKING 
EFFICIENCY 

A laboratory designed solely to test the efficiency of 
packing, particularly of goods for export, has been estab 
lished by Geo. Salter & Co., Ltd., of West Bromwich 

Among the many special-purpose items of test equip 
ment is a drop-test machine, which is used to assess 
damage caused by dropping articles from a height 
generally 54 in., i.c., the average height of wagon and 
lorry platforms, though drops from greater heights are 
made if they are likely to be encountered in practice 
The results of these drop tests are recorded by an accelero 
meter, so that the correct cushioning materials for the 
g-factor of any particular article can then be used 

In the bump test, packs under test are dropped one 
inch at the rate of four drops a second —a treatment com 
parable with that caused by the jolting of a badly sprung 
lorry on the worst of roads 

With a vibration-test machine, the frequency range 
of a product between 3 and 1000 cps can be explored, at 
an amplitude which 1s variable within the limits of the 
force-mass-frequency relationship of any specific test set 
up. However, the equipment is capable of producing a 
frequency of 10,000 cps 

The effects of damp heat are tested in a specially built 
chamber, where packs are exposed to 95-100 F and 100° 
relative humidity for twelve hours, after which they are 
cooled. Several complete cycles expose any faults likely 
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to be revealed in tropical climates. When required, tem- 
peratures of 140°F can be reached and maintained in the 
chamber. Similarly, testing for the effects of dry heat is 
conducted in a room, 22ft « 20ft lift, fitted with an 
air lock, where packs are subjected to temperatures of 
140°F, simulating the effects of direct equatorial sun. 

In the fragility-factor machine, as articles are dropped, 
instruments record exactly the amount of force to which 
they are subjected. In addition, the g-factor safety limit 
can be established, if required, so that an efficient pack 
can be evolved without overpacking. 

In the impact test, a section of railway lines runs down 
a ramp to a solid concrete block. Cases are put on a 
wagon, which is allowed to gather momentum down the 
ramp, and a rigorous test of the pack is imposed when it 
is brought to a sudden halt by contact with the concrete 
block. This drastic test simulates the effects on a cargo 
inadvertently swinging on a crane against the dock-side. 
In addition, using a crushing machine, increasing loads 
are applied steadily to a pack, so that the effects of 
stacking in a warehouse or ship's hold can be observed. 


EXHIBITION OF CHURCHILL GRINDING 
MACHINES 

An interesting exhibition and demonstration of six 
grinding machines from the range made by The Churchill 
Machine Tool Company was held by Charles Churchill & 
Co. Ltd. at their Birmingham showrooms between 
September 29 and October 3, 1958. 

Among these machines, the model BW plain grinder, 
with a  power-operated wheelhead-mounted wheel 
forming device, incorporates automatic sizing with 
hydraulic diminishing feed and an electro-sizing gauge 
Another machine, the model AW * Fulcro-Sizer * fully 
automatic plain grinder, applies the feed by tilting the 
table carrying the workpiece towards the grinding wheel, 
thus conferring maximum rigidity with a minimum of idle 
time. 

These machines, together with the model HBM auto- 
matic sizing internal grinder for both plunge- and traverse- 
grinding, and others of the range, particularly suitable 
for tool-room use, were shown in operation and demon- 
strated their application to the production of work- 
pieces with basically standard equipment. Of particular 
interest was the Churchill model NB surface grinder 
equipped with the * Diaform”™ wheel-truing device 


Classified Advertisements 


The rate for all classified advertisements is 9d. per word: in bold 
print 1s. per word : minimum order 10s. Box-number advertisements 
Is. extra. Instructions, together with remittance, must be received not 
later than the \st of each month for advertisements to appear in the same 

month's issue 
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A press shop or light engineering works proprietor or manager 
who requires work or capital could, with advantage, study this 
announcement 


In our group, which has world-wide connections and a diver 
sity of interests, there ts room for a business which can, after 
any necessary re-cquipping, take on quantity production 
of small precision pressings in difficult metals. Given the 
services of forward looking personnel skilled in press tool 
design, maintenance and operation and with adequate tech 
nical and metallurgical background, capital would present nm 
problem. Moreover, this side of the business ts assured of a 
substantial nucleus of orders covering deep drawn com 
ponents of new products for which a rapidly expanding 
market is already established 


Initially, then, we require the services of a leader, not too tar 
removed from the shop floor, who can, with our support 
build up this unit as a major specialist supplier of the sma 
press parts which others find it umoossible or unc nomica 


to produce. Our plans are sufficiently flegible for us to start 
from scratch or to help the mght man to build on to ar 
existing business in which he already has an interest 


Even a highly skilled man well versed in the behaviour of the 
newer metals and alloys is likely to need all his ingenuity for 
many jobs which will come the way of this new organization 
Because this is 4 new venture we are using an accommodaly 
address but those in whom the challenge awakens a respons 
and who have the will to keep abreast of development 
coupled with a dogged determination to see the job throug? 
should send full details to The Chairman. Box RD 10 
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Rewirable Fuselink Performance Data 


Fuse section shows vibration proof interlock between contacts and terminals, 
also the shortened bottom terminal which, to protect the operator, keeps the 
circuit open upon replacement and removal of the carrier. Terminals are fully 
shrouded from accidental touch when Hoider removed, and facility for sealing. 
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NEW TECHNICAL BOOKS 





Impedance Matching. Edited by Alexander Schure, 
Ph.D., Ed.D. 128 pp., 68 illustrations. Publishers : 
John F. Rider Publisher, Inc., 116 West 14th Street, 
New York, N.Y. Price : $2.90. 

Written as a guide to engineers, technicians, and 
others concerned with or interested in the subject of 
impedance matching, the function of which is to obtain 
maximum power transfer from the generator to the load 
in electrical equipment, this excellent book provides a 
comprehensive and authoritative treatment of the subject. 

Dealing with the problems of impedance matching at 
audio, radio, and higher frequencies, the book discusses 
all kinds of devices used as generators and a wide variety 
of equipment used as the load in electrical and electronic 
circuitry, explaining the theory underlying such problems, 
as well as the solutions. In addition, well-selected 
numerical examples, illustrating the application of 
appropriate equations, are included. 

Fine Boring and Turning. By W. Boneham. 68 pp., 
87 illustrations. Publishers : Machinery Publishing Co., 
Ltd., National House, 21 West Street, Brighton | 
Price : 5 

Although originally developed for finishing single 
bores to close limits of accuracy, fine boring and turning 
is now used for machining several bores in a single com- 
ponent, not only to close limits of size but also as regards 
spacing. Furthermore, it lends itself either to mass pro- 
duction or to the production of small quantities in a 
variety of components, and its success is now so firmly 
established that it is used in practically every plant 
where accuracy and economical production are necessary. 

This neatly produced and illustrated book (No. 43 in 
Machinery’s Yellow-Back Series), describes the reason 
for and the principles of fine boring and turning, and 
deals concisely, but instructively, with the various 
machines, spindle-heads, and quills employed. In addi- 
tion, a chapter is included to cover fixture design and a 
representative number of fine-boring applications 


Mathematics for Engineers (Part II). Fifth Edition, 
1958. By W. N. Rose, B.Sc.Eng. (London). 416 pp., 140 
illustrations. Publishers: Chapman & Hall Ltd., 37 
Essex Street, London, W.C.2. Price : 25/-. 

This new edition of Part Il of Mathematics for Engi- 
neers, in conjunction with Part I (the 9th edition of 
which was issued in 1955), is one of the publications in 
Chapman & Hall’s D.U. Technical Series, and forms a 
most comprehensive and practical treatise on the subject 
In short, it is a valuable reference work, embracing all the 
mathematics needed by practical engineers and by 
students in all branches in engineering. 

Part II is devoted to the study of differential and inte- 
gral «alculus, and includes spherical trigonometry and 
mathematical probability. In this new edition, certain 
additions and alterations have been made, and a few new 
exercises have been included, though the general plan of 
the book is exactly the same as in the previous editions 

Coated Abrasives—Modern Tool of Industry. 432 pp., 
542 illustrations. Publishers: McGraw-Hill Book Com- 
pany, Inc., McGraw-Hill House, 95 Farringdon Street, 
London, E.C.4. Price : 66 

Sponsored by the Coated Abrasive Manufacturers’ 
Institute of the U.S.A., this interesting and lavishly illus 
trated book has been prepared to fill the need for an 
up-to-date reference work on coated abrasives and their 
great variety of uses and applications. As such, it un- 
doubtedly affords a useful service not only to manufac 
turers using or interested in these products, but also to 
supervisory personnel, to maintenance and repair ser- 
vices, and to students. 

The book shows how abrasives are manufactured and 
describes ajl factors of their effective use in the metal 
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working (ferrous and non-ferrous), woodworking, glass 
and plastics industries, in applications ranging from 
heavy-material removal to fine polishing. Comprehensive 
coverage is given of many recent advances, including new 
automatic machinery, applications such as strip scouring 
pre-plate finishing, and contour finishing ; in addition 
such special topics as cutting oils, coolants, and lubricants 
specifically for use with coated abrasives are discussed 

All the material is aimed towards helping manufac 
turers decide what operations in their plants may be 
effected better with coated abrasives, and provides specific 
methods showing how to achieve the most efficient and 
economical results in their use 


The Heenan Multiform Manual. By T. Hanson. 268 
pp., 227 illustrations. Published by Heenan & Froude 
Limited, Worcester, and distributed by Wickman Limited 
P.O. Box No. 44, Banner Lane, Tile Hill, Coventry 
Price : 75 

Beautifully produced and illustrated, this excellent 
reference book contains a wealth of information on the 
use of four-slide automatic wire- and strip-forming 
machines, and, although primarily intended for the draw 
ing office, will undoubtedly prove equally useful to pro 
duction engineers and to works and managing directors 
alike. That the manual is comprehensive and authorita 
tive cannot be denied, inasmuch as the author, who de 
signed the machines covered in this book, is the com 
pany’s engineer in charge of automatic machines ; in 
fact, much of the information given has never before been 
published 

The manual, profusely illustrated with perspective 
drawings and photographs, deals with virtually all aspects 
of four-slide automatics, showing how to set about the 
design of tools, the various techniques available, and the 
selection or adaptation of the most economical and 
efficient tooling layouts, together with a mass of factors 
conversion tables, useful dimensions, and other data 
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LATEST INDUSTRIAL LITERATURE 





1. Materials-Handling Equipment. Particulars of a range 
of materials-handling equipment are given in an illus- 
trated 24-page brochure, and cover troughed belt con- 
veyors, unit-construction belt conveyors, crate convey- 
ors, ground conveyors, stockpile conveyors, feeders, 
portable conveyors, elevators and skip hoists, chain con- 
veyors, slat conveyors, and typical complete plant instal- 
lations. Outstanding examples of equipment in this range 
are the unit-construction belt conveyors, which have 
been developed to handle the many weights and sizes 
presented in packaging handling. A section of a com- 
plete installation is illustrated utilizing such equipment, 
and among the typical complete mechanical-handling 
schemes shown are a limestone handling and preparation 
plant, a clay-handling plant, and a coal dirt-disposal 
plant. 

2. Electrical Feeder Pillars. An illustrated 12-page 
brochure gives details of standard tailless-unit pillars for 
low and medium voltages and dwarf feeder pillars with 
tail-type units. The cast-iron carcases are of built-up type, 
the sides, doors, canopy, and base being separate castings, 
so that any part is readily replaceable. Although ade- 
quate ventilation is provided, simple heaters can be fitted 
to assist convection currents, if required. 

The body of each type cf pillar is mounted on a cast- 

iron root cf substantial design and is reinforced with 
mild-steel angular tie-bars. The standard pillars have 
door openings at the front and rear, but dwarf-type 
pillars have door openings at the front only, to permit 
pillars being sited against walls. 
3. Wiring Accessories and Miniature Circuit-Breakers. 
An 84-page illustrated catalogue gives full details of 
wiring accessories and miniature circuit-breakers, includ- 
ing 5-A surface switches, intermediate flush switches, 
adjustable lug boxes, 15-A switches and protected 
assemblies, neon indicator units, and earth-leakage cir- 
cuit-breakers. 

The miniature circuit-breakers are available as single- 

pole, single-pole and neutral, and double-pole units in 
standard ratings of 5, 15, 30, and 60 A for use on supplies 
of up to 500 V a.c. The mechanism is designed to ensure 
unfailing operation, despite vibration or the long periods 
of inactivity usually imposed on protective switchgear 
4. Small Die-Castings in Zinc Alloy. A 4-page illus- 
trated leaflet gives examples of small sub-assembly parts 
which can be produced in one operation by a precision 
die-casting, enabling substantial savings to be made and 
ensuring products of absolute uniformity. The maximum 
weight of the die-cast parts is § 0z, with a maximum size 
in any one dimension of 2} in. The process employed also 
has the outstanding advantage of being capable of pro- 
ducing movable interlinked members in one continuous- 
cast operation. 
5. Pistons for Internal Combustion Engines. Issued by a 
German firm of piston manufacturers, one of the largest 
in the world, a series of pamphlets and brochures covers 
an extremely wide range of pistons of many types and 
materials, intended for virtually all spheres of internal 
combustion engine operation, including applications in 
motorcycles, motor cars, tractors, commercial vehicles, 
iircraft, locomotives, and marine engines. 

One of their latest pamphlets is concerned with a new 
non-slotted piston which incorporates the advantages of 
the well-known light-metal piston and those of the hori- 
zontal-slotted regulating piston. Struts, in the form of 
small steel plates, are cast into the piston skirt in such a 
way that, in conjunction with the piston material itself, 
they form bimetallic regulating members. The design is 
such that there is improved heat transfer from the head to 
the skirt of the piston, and liner vibration is greatly 
reduced. 
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6. High-Nickel Alloys. Entitled * Nickel Alloys \ 

Caustic Alkalis *, a well-produced 54-page publication 
issued by a leading British firm of metal producers des- 
cribes the properties of the high-nickel alloys used in the 
construction of plant which handles caustic soda. Exten- 
sive data, giving comparative corrosion rates from a large 
number of laboratory and plant tests, form a useful guide 
in the selection of the best grade of material for specific 
applications. 


7. Portable Hydraulic Power Equipment. For details are 
given in a 32-page brochure of a wide variety of hydraulic 
power units designed for use in laboratories, safety engi- 
neering, maintenance, tool-room work, and field service 
The basic hydraulic equipment is a hand-operated pump 
which can be supplied in capacities from 2 to 60 tons, but 
electrically operated pumps are also available 

Specially designed accessories, such as valves, presses 
spreaders, rams, push-pull assemblies, double- and triple 
grip pullers, and high-pressure fittings, are also available 
The range of application of this equipment includes 
clamping of steel frames, levelling of heavy machinery, 
straightening of line shafts, and removing of flywheels 


8. Paints, Varnishes, and Decorating Equipment. An 
extensive range of paints, varnishes, decorating materials, 
and painting and decorating equipment is presented in a 
94-page illustrated brochure, including water paints 
plastic-resin emulsion paints, industrial enamels, anti 
corrosive metal primers, and protecting varnishes, as well 
as brushes and spray-painting equipment 

In addition, details are included of such items as wall 
paper strippers and trimmers, paint shields, paint cans, 
fillers, wallpaper pattern books, silk-screen and stencil 
designs, and decorators’ stencils 


9. Fibreglass Air Filters. A new range of fibreglass air 
filter panels offering low resistance to air flow and re 
quiring minimum fan horsepower is described in an 
illustrated 4-page leaflet. These filters have a wide appli 
cation, particularly as pre-filters for prolonging the life of 
more expensive and efficient types 

These filters require absolutely no maintenance, and 
replacement takes only a few seconds per panel. Further 
more, as they are composed of a low-density, resilient, 
and non-felting glass-fibre matrix, they are highly resistant 
tc most chemicals 


10. The Use and Care of Twist Drills. Written as a prac 
tical guide, this 58-page handbook analyses the various 
problems of drilling practice. Speed ranges for different 
materials and feeds for drills of different diameter are 
suggested, and useful information is given on different 
aspects of drilling, such as selection of cutting fluids, the 
mechanics of chip formation, chip disposal, the drilling 
of small holes, the drilling of plastics, and reconditioning 
used drills. In addition, drill points are recommended for 
various materials, and common drill troubles and theu 
causes are described. Tables of cutting speeds are also 
included 
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Please send free and without obligation the literature indicated by 
the following circled sumbers 
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RANGE OF HORIZONTAL AND VERTICAL DIESEL ENGINES 


at the peed you want 


RAIL TRACTION AND MOBILE PLANT 


These new engines have been specially 
developed for rail traction and heavy mobile 
plant duties for which the compact design, 
capacity for prolonged 
overhauls, and wide range of speeds and 
powers are particularly suited. Available in 
6-cyl. and 8-cyl. forms and in horizontal and 
vertical versions developing from 164 bhp at 
1000 rpm to 533 bhp at 1500 rpm. These 
engines are also available to run at 1800 rpm 


for approved applications only. 


periods between 


Vertical and horizontal engines are offered 
normally aspirated, mechanically supercharged 
and turbo-charged. Horizontal Engines are 
suitable for under floor mounting in railcars. 
In shunters where headroom is_ limited, 
this engine gives a much increased field of 
vision to the driver. The NM. series is also 
ideal for electrical generator and ‘“‘stand by”’ 
duties, compressor and pumping set drives and 
heavy excavators, graders and other contractors 
plant. 





FREE PISTON GASIFYERS We also manufacture Free Piston Gasifyers under licence from 


Alan Muntz and Co. Ltd., Pescara and S.E.P. Gasifyers, with a suitable Gas Turbine, provide 
power in single and multiple units from 1,000 to 20,000 h.p. for electrical generating sets, marine 
propulsion, locomotive traction and compressor and pumping sets. Please ask for leaflet No.1801. 


THE NATIONAL GAS AND OIL ENGINE CO. LTD., ASHTON-UNDER-LYNE, LANCS. 
Sole Export Sales Concessionaires: BRUSH INTERNATIONAL LTD., National Works, Ashton-under-Lyne, England 


‘Ye 


A member of the Hawker Siddeley Group 
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WATER COOLERS 


In any process in which 
heat must be removed by 
water, very attractive finan- 
cial savings can be secured 
by continuously re-cooling 
and re-circulating the water 


Consult us on your needs 


a4 


HEENAN & FROUDELTD. :: WORCESTER $3 ENGLAND 
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DOUBLE MUSHET 


HIGH-SPEED STEEL 


TWIST DRILLS 


We do not know the number of holes made every day 
throughout the world by fast-cutting ‘* Double 
Mushet "’ drills, but we do know that all of these drills 
are of consistent top quality. Manufacture throughout 
within the same organization makes possible rigid 
production control and inspection, from the melting 
of the steel to the despatch of the finished product. 


POCKET DRILL SETS 


Four sets of drills are available packed 
in attractive metal containers of 


cigarette case size. No more lost . 
drills for the Practical Engineer and 
Handyman. 


Please write for descriptive folder. 4 
wy 
$7 


PS SS 


FINE STEELMAKERS - STEELFOUNDERS - ENGINEERS’ TOOLMAKERS 


SAMUEL OSBORN & CO, LIMITED 


CLYDE STEEL WORKS, SHEFFIELD 
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The list of 


POWERERIP gn |" 


using 


pufs precision into “o" Powerbpp 
your power <<“ grows daily 
transmission _<<\ Here are some of 


the more recent 
additions :- 


United States 
Atomic Submarine 
‘Nautilus’ 

Washing machines 

Electric refrigerators 


From 1/1ooth to 300 horse- 
power—U.S. PowerGrip Timing 


Belts offer efficiency close to 100°,,. 
Vacuum cleaners 


Cement plant kilns 
Industrial water 


Tough neoprene teeth, imbedded with 
steel cables of high tensile strength, fit 


firmly into grooved pulleys giving positive cooling equipment 


Oil field machinery 
Office machinery 
Paper machinery 
Textile machinery 
Nilling machinery 
Camera and photo 
processing equipment 
Colour IV 
scanning disc 
Cotton oil plant 
linters and cookers 
Fans and blowers 
Radio and radar 
antenna drives 
Gas and liquid 
compressors 
Generators and 
exciters 


non-slip transmission. PowerGrip elim- 
inates need for lubrication and tensioning 
devices, and offers far more versatile drive. 


Laundering machinery 
Power hand tools 
Printing machinery 
Sewing machines 
Woodworking 


Less chance of drive failures when KA By, _ Cae 


chain saws rely on POWERGRIP 
This chain saw, using a POWERGRIP Timing Belt, 
withstands up to 700 stop/start cycles per day, with 

frequent shock stalls. POWERGRIP eliminates slippage * * ae & r 
and consequent loss of power, while close centres and Home: The North British Rubber Company Limited, ABBey 7135 


small pulleys minimize the size and weight of the saw Export: U.S. Rubber International (Great Britain) Ltd. ABBey 2053 
thus making efficient use of power and space available. 62/64 HORSEFERRY ROAD, LONDON, S.W.1I 


ae 


Our experts can help you to solve your power transmission problems. Write now to: 
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DESIGN 
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Single cylinder poper machine for manual 
take up, working width 3700 mm, speed 
tange 20— 120 m/min. 





Workshop assembly of a Francis spiral 
turbine with vertical shaft for an output 
of 56000 HP 


Gear for a plate rolling mill weighing 
70 tons 










[om vorry ==@== nustain 


St. Poelten, P.0.8. 168 — Telephone 2501 — Teletype 01 2148 — Telegramme addresse: Voithwerk 51. Postion 
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MALLEA BLE IRON CASTINGS OF ALL TYPES 


LUE fon wy, 
“bd YA 
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WHITEHEART - PEARLITIC - WELDABLE - BLACKHEART y 


(Produced to British Standard Specifications) 
Meee mee cements ALLA ANNO MAA GQ AA SN QQ AN 


From our two foundries are available jobbing and repetition 
Malleable Castings up to 70 Ib. in weight, for agricultural machinery, 
automobiles and tractors, builders’ ironmongery, electrical and 
general engineering, railway and similar applications. Our new, 
fully mechanised, foundry incorporates all the latest developments 
of foundry practice. 

We specialize in sharp, accurately-sized castings combining 
strength and ductility. A unique feature is ready machineability, 
which we claim to give an advantage of 10° in fast cutting, so 
cutting costs. If required, we can supply work finish machined in 
our own shops. 

All castings are subject to Quality Control using chemical-physical 
and sand laboratories, with the result that over the last 5 years our 
rejects from customers are less than 2-7 castings per 1,000 delivered! 


Special: Blackheart Castings which are still tough and 
ductile at sub-zero temperatures. 
We direct attention to our very high grade 
Pearlitic Malleable Castings, of exceptional 
strength and toughness. 
Weldable Malleable Castings are of considerable 
interest to designers in solving production diffi- 
culties, as they can be combined with other 
materials into composite fabrications. Full 
particulars on request. 


Castings for the following 
industries: 


(1) Agricultural. 
CASTI ty G S LI M { T E D (2) & (3) Commercial vehicles 


(4) & (5) General engineering 
(6) Motor cycle. 
(7) Automobile. 


SELBORNE ST. - WALSALL - STAFFS. Tel. Walsall 3118-9 and Arboretum 55357 & 5537! 
Founded 1835 

and at LICHFIELD ROAD, BROWNHILLS, STAFES. Tel. Brownhills 23 | & 

¢ 
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FEROX 


Epoxy resin based 


Stok slate Mm -Jal- taal ie) 








low bake type 


Providing outstanding resistance to alkalis, detergents, acids and 

a wide variety of industrial solvents including ketones, the R4 
series of FEROX low bake enamels are suitably blended alkyd 
stoving finishes fortified with epoxide resin. These enamels stove 
to a hard, durable finish fairly rapidly, stoving times being 30 
minutes at 250° — 270°, or §— 10 minutes in Radiant Heat Ovens. 
This series is available in a complete range of colours (the white 
has excellent colour retention) and is particularly suitable for 
refrigerators, cookers, washing machines and other kitchen and 
hospital furniture. 





A leaflet which fully describes all the FEROX Epoxy Resin Paints 
oss eiiemiaieds and a new Industrial Shade Card showing the full range of colours 


TO HER MAJESTY THE QUEEN 


manuractunens orraiwr are ODtainable free on request. 


THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 


Paints, enamels, varnishes and finishes for every industrial need 
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PUT IT THERE... 
OR THERE . 
OR THERE... 


Imagine your machines stuck down on 

felt base which can absorb over 80 per cent 
of vertical vibration, which has a_ holding 
power of 50 Ibs. to the square inch 
which does away with bolts, grouting, damaged 
floors. Then imagine deciding to change 


your layout when the workers have left 
one evening and having all the machines 
ready for action again in the morning. That's 
what Croid-Cooper can do for you. Send for 
von, details today. 
CROIDGS — 
MACHINE Fixing GUE = COOPER & CO. (B’HAM.) LTD. 


COOPERS 
eer BRYNMAWR BRECONSHIRE 


Fs 
TELEPHONE: BRYNMAWR 312 








REGD. TRADE MARK 


HYDRAULIC CONTROL 
SAWING 
MACHINES 


Unique in design. Proved in practice. 
One simple setting and it is capable of 


dealing with any section within its 
bn lia range with blades of one pitch of 


tooth. The blade commences and 
finishes each cutting stroke with no 
pressure whatsoever. 

What a saving in blades! 


Famous for speed, accuracy and 
reliability. 











CHARLES WICKSTEED & CO. (1920) LTD.| KETTERING. Tel.: Kettering 311 . 
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cast for a fy it-ra el) t-te 


This jockey carriage is cast in steel for a forge type of installation for the production 
of seamless tubes up to 10” diameter, and has to withstand unpredictable shock load 
It is a good example of the versatility of steel casting, in that its sectional thickness 
varies from 2” to 7”, essential requirements that make it almost impossible to 
fabricate by any other method. 

Owing to good method planning this casting is free from defects and of especial 
interest is the fine finish. Note also the sectional thickness round the corners 

and edges. 


Jockey Carriage cast in steel for a Forge type 
installation for the production of seamless tubes 
up to 10" diameter. Weight as cast 30 tons. 
Sectional thicknesses max 7” min. 2". Cast for 
The Wellman Smith Owen Engineering 
Corporation Ltd. by whose permission 

it is reproduced. 


TYPICAL LLOYDS STEEL SPECIFICATION 
{ for engineering products requiring hard 
Grade BR: OW urbor 
tilt stress 446° 


ROA 


L L Oo 7 D S Britain’s best equipped steel Foundry 


! LLOYD & CO. LTD... P.O. BOX No. £ JAMES BRIDGE STEEL WORKS, WEDNESBURY, STAPFPS. TELEPHONE JAMES BRIDGE Leet 


ben 
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Universal Traverse Unit 


a 
RADYNE 
— ——— 


for Progressive and 
Dwell Hardening 





This Radyne unit has been designed to 
facilitate the handling of parts to be heat 
treated. Two types are available, 2 ft. & 
4 ft. A three-speed, hydraulically driven 
traverse mechanism enables different depths 
of hardness to be obtained in one pass. Cali- 
brated controls are provided for easy setting 
up. Accessories include a quench tank and 
two timers to control dwell and quench times. 


—————— 
RADYNE 
Sl 


INDUCTION HEATING 
HANDLING EQUIPMENT 


radio heaters Itd 


WOKINGHAM BERKSHIRE ENGLAND 
TELEPHONE WOKINGHAM 1030 (6 LINES) 
P1096 


A98 











DIE 
SPRINGS 


of 


QUALITY 


PHONE OR WRITE (Dept. S.M.O.) 


THE 








DART SPRING Go. Ltd 


WEST BROMWICH 


Telephone: & 


Telegrams: 
DART, WEST BROMWICH WEST Bromwich I79| & 
P.B.X. (7 Lines 


SHOT PEENING HAS BEEN APPLIED 
THEREBY REMOVING ANY TRACE OF 
DE-CARBONISATION AND ALSO 
DUCING THE LIABILITY TO FATIGUE. 


THESE SPRINGS ARE MADE FROM 


H ¢ 





RE- 


HIGH GRADE SPRING STEEL AND§ 


HAVE BEEN CAREFULLY HEAT TREATED 
IN ORDER TO ENSURE THAT SPRINGS 
OF THE HIGHEST QUALITY ARE 
SUPPLIED. 


ALL SPRINGS HAVE BEEN TESTED BY 
SCRAGGING SOLID, AND ARE F'N- 
ISHED IN MARK Il BLACK TO PREVENT 
RUST. 28 SIZES ALWAYS IN STOCK. 


PRICE LIST ON APPLICATION. 
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CASE HISTORY 103. 


BRITISH BELLOWS 





BEFORE 


470 


PER OPERATOR/HOUR 








AFTER 


750 


PER OPERATOR/HOUR 








Send for full details of Controlled 
Air Power Equipment—the first 
step to increased production. 







Manufactured by the British Bellows Division of 
GEO. H. HUGHES LTD., EDGEMOND AVENUE, BIRMINGHAM 24 


“DO IT YOURSELF 


British Bellows Con 
trolled Air Power 
Equipment is speci 
fically designed to 
speed up production 
and save layout costs 
It can be fitted by 
your own staff—to 
new or existing 


machinery 


Telephone: ASHfield 1183 $7 





HORP 


EQUIPMENT 


FOR THE 


GAS 











GAS FLOW 
INDICATORS 


Direct Reading, variable aperture 

type, from 0 to 150 Ib./sq. inch. 

For all types of gases; can be calibrated 
to customers’ requirements. Brass 
body, stoved black crinkle finish. 


Cast Iron Body for Corrosive Gases. 
Scale Plate in black crinkle, chrome 
or polished brass. 
All Unions, etc., chrome plated. 
Stainless Steel Float, in clear glass tube. 
Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
\ (6) Maximum and Minimum 
Rates of Flow. 


THOMAS THORP &-CO/ 1) 
PYItTHLD Main tr es 


INDUSTRY 








Mas. Capacity 
Cu. 1. We 
Coal Gas « 
Sic PD 


30 
60 





for FRACTIONAL 


ACRAL Geared Motor Units are available in five types 

giving multi-direction power take-off. These 
reliable, compact sturdy lightweights— 

proved in everyday use—are now 

available for early delivery. 

Please ask for illus- 

trated data sheets. 


| BEARINGS 
FOR 
INDUSTRY 


RIV Sealed Bearings 
are dimensionally 
interchangeable with 
standard series of Single Row Ball 
Journals. The RIV range also includes 
Ball, Cylindrical Roller, Taper Roller, 
Spherical Roller and Thrust Bearings, 


Made in Italy by RIV Officine di Villa Perosa 
S.p.A., Turin. 


ACRA L ~. : P eee se ee in the United Kingdom and 


LIMITED - REVOLVO LTD. 


a -) 
aa iia 399/405 Ed Road, London, W.2. 
15 ALEXANDRA RD.,ENFIELD,MIDDX. ne eens LON, WS 


Telephone: HOWard 3027 NR 








new: Micro-finish! 


Precision Rollers and Needles for Bearings 


Please write for fully detailed 
eer 


literature and prices to 


= Tchudin & Held Ltd. 


Holeestr. 149 
SEE!) —_ 
(Switzerland) 


Telegrams: isolation Basie 








Swiss made 








Revolutions per n minute or revolutions per 
annum? There you have the vital difference 
/ between osdinary electric motors and 
those made by EPE. Thousands of EPE 
electric motors are running at the rate of 
OVEr 1000,000,000 revs. a year—unfailingly 
—year in, year out! Unusual ? Not a bit. 
EPE electric motor users take this sort’ of / 
service for granted. Next time you're 
buying electric motors remember it|pays 
to specify EPE—to be sure. 


ELECTRICAL POWER ENGINEERING CO. (B’HAM) LTD 


LONDON OFFICE: 421 GRAND BUILDINGS, TRAFALGAR SQ. LONDON 
Phone. Whitehall 5643 & 7963 





MODERN CUBICLE TYPE 


DISTRIBUTION BOARDS 


Offering advanced practice in 
the design of energy distribu- 
tion gear, these cubicle type 
Acrofiex boards combine 
electrical safety, mechanical 
efficiency and the necessary 
flexibility for expansion 
Further details on request 











Parmiter Hope & Sugden Ltd 


Fluvent Electrical Works, Longsight, Manchester, 12 
London: 34 Victoria Street, S.W.1. Glasgow: Somerset Place, C.3 
Birmingham: 39/41, Carrs Lane, 4 
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Brayshaw Engineers’ Tools 
include standard and special 
Milling Cutters for all 
purposes. ... 

Hacksaw Blades, Gears, 
Threads and Splines, Inserted 
Blade and Interlocking 
Cutters, Woodworking 
Cutters, Tools, Hobs, 
Reamers, Slitting Saws, Form 
Tools, etc. 

All tools are precision made 
and scientifically hardened, 


Send for your copy of 


Tool finished and 
profile ground hobs. 


ensuring accuracy and ENGINEERS?’ 
maximum productive effort. TOOLS 


Catalogue ST. 56 which 
includes useful reference to 
the design and use of 
Milling Cutters. 


BRAYSHAW TOOLS LIMITED 
BELLE VUE WORKS, MANCHESTER, 12 


Telephone: East 1046 Telegrams: ‘‘Hardening.’’ M c. 





oADE: 
¢ 4, 


NS. 


J) iM 
. UNDER NORMAL 


'¢ USAGE os 
‘ry so?” 


BROADBENT& CO.(rocupate)LTD 


Ghove Spring Wovkd, LINCOLN STREET. 
ROCHDALE Lancs. Phone --Rochdalego28-9 


” 








The Nitriding Process 

for Case—hardening 

Special Steels by 
Nitrogen offers 


@ Surface hardness up to 1100 D.P.H. 


@ Retention of full hardness after 
heating to 500° C. 


@® Maximum resistance to frictional 
wear and fatigue. 


@ '!mproved resistance to corrosion 
by water and steam. 


Particulars from:— 
NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4. 
Telephone: 26616 Sheffield. Telegrams: Nitralloy, Sheffield 
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does the trick again... 


giving the best performance possible, with 
the aid of the Polygon Tool Box. 

This lathe attachment swings the balance of 
production in your favour. 

Time spent on shapes such as hexagons, 
octagons, squares, etc., is reduced by as 
much as ONE THIRD. 


Write NOW for a copy of our descriptive booklet on the Polygon Tool Box. 





Thomas Chatwin & Co 


GT. TINDAL STREET, BIRMINGHAM 16 
Phone: Edgbaston 3521 
London Office: 25 Hanover Sq., W.!. Phone: MAYfair 8783 


ort oF tae (BROCKHOLSE (emtemre 





PERFORMANCE DATA WITH 
10 HP MOTOR MAX. 
CAPACITY: 


FOUNDRY RUNNERS 
FERROUS 3 DIA. 
NON-FERROUS 4 DIA. 


M8 CHANNEL 12 4 


SOLID BAR FERROUS 3 DIA. 
NON-FERROUS 4 DIA. 


M.S. ANGLE 8 4 THICK 


TYPE N.T. ABRASIVE 


FLAT STEEL 12 WIDE ! 


CUT-OFF MACHINE NEW | : . 7 


HYDRO CUSH PUSH 
TRAVELLING WHEEL 
HEAD INCORPORATING 
FOOT OPERATED PLUNGE 
CUTTING ACTION 

DRY CUTTING 
MANUAL OPERATION 
SPARK DEFLECTION 

TO WATER 

TRAY BELOW 

THE TABLE 


THICK 


MAX WIDTH 
WHEN MITRE 
CUTTING 6 


CUTTING TIMES: 5 SECONDS 
FOR EACH S@ INCH OF 
CROSS SECTIONAL AREA 
PLUS HANDLING TIME 


L. J. H. BALLINGER LTD. 


OTHER MACHINES ARE STATION ROAD, WOODCHESTER, STROUD, 
ALSO AVAILABLE. GLOUCESTERSHIRE, ENGLAND. 
Telephone AMBERLEY 2186 


See us at The International Machine Tool Exhibition, Milan, on Stand No. 4600, Hall No. 4. 
Agents: R. Meyer & Co., Corso Galileo Ferraris, 63A, Turin, Italy. 
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TEST PUMPS? 


Bailey's 


Immediate delivery avail- 
able from a wide range of 
sizes and types for all 
industrial purposes from 
300 p.s.i. to 45,000 p.s.i. 


Illustrated: Hand-operated 
concentric ram test pump, 
with 2 in. ram for rapid 
filling of vessel to be tested 
and ~ in. ram for obtaining 
the pressure. Suitable for 
pressures up to 1,500 p.s.i. 


SIR W. H. BAILEY & CO. LTD 
PATRICROFT * MANCHESTER 


Phone: ECCLES 3487-8-9 
Grams: BEACON TELEX ECCLES. 
LONDON OFFICE: Selinas Lane, off Whalebone Lane South, Dagenham, Essex. 
Tel. Dominion 2277 L. ROBINSON & CO. (GILLINGHAM) LTD., LONDON CHAMBERS, GILLINGHAM, KENT. TEL. 5262 
SLUICE VALVES ~* REDUCING VALVES * TEST PUMPS ~* TURNSTILES 








. +. but not if you fix a 


Kolok Positive Lock | MACH L [lq Va ti ae) bg fo) Me) a irae) Jy 


Washer between 


them. Here’s the TE 
inexpensive solution all 
to vibration and c ¥ 
slackness worries— 7 

and there is a size 
for every requirement 


—_ 


PERATURE 
<e re CE—_— 


Keep them 
firmly 


~ place POSITIVE LOCK WASHERS For accuracy, ease of reading, robustness, economy and long, trouble fr »¢ 


* h life install Rototherm Thermometers, Controllers and Recorders. Special: ts 
wit . ‘ : in bi-metallic applications. Write for details 
Available in all sizes 


POSITIVE LOCK WASHER CO LTD ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSU 'E 

45 Renfrew Street Glasgow C.2 THE BRITISH ROTOTHERM CO. LTI. 
M Abbey, London, S.W.!9 LiBerty 7:4! 

Telephone DOUglas 9292 Midland Factory: Hollis Street, New Basford Nottingham 77 "4 
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CLARKSON FOR ALL YOUR 
NEEDS IN MILLING CUTTERS 


AVAILABLE FROM: 


CLARKSON ITALIA S.P.R. 
VIA FARNETI 
MILAN 


| CLARKSON (ENGINEERS) LTD. 


NUNEATON Head Office and Works, Nuneaton 2261. NEWCASTLE 241 Westgate Road, |, NEWcastle 2-5248 

| LONDON 124 Hammersmith Road, W.6, RiVerside 8241. BIRMINGHAM [5 Heath Mill Lane, 9, Victoria 3994 
BRISTOL 17, Cumberland Street, 2, Bristol 2-84644. MANCHESTER 98, Oxford Road, 13, ARDwick 4804 
GLASGOW 430 Crown Street, C.5, SOUth 1942. LEEDS 8a, Brittannia House, |, Leeds 26369. BELFAST 
32, Shaftesbury Square, Belfast 20025. 











aa et 
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CAPSTAN 

AUTOMATIC 

AND SPECIAL 

TURNED WORK 
ALSO 


FORGINGS 


4 


HORNES | ARMSTRONG STEVENS 


RAMS 


lion) Limited WHITTALL STREEI 
,ULLOCK STREET WORKS, BOLTON | BIRMINGHAM -4 


a 





elephone : 1143 Established 1860 
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‘*RUBERT”’ 


SURFACE ROUGHNESS SCALES 


x = eee Are your Draughtsmen, Foremen, Inspectc °s 
How important is < : oem and Machinists surface finish conscious? If: >, 
4 ® your products will have a high reputatic 1; 

q if not, your products will not be classed as 

SURFACE ROUGHNESS high quality. ‘‘ RUBERT ”’ Surface Roug1- 

Ss U we * A Cc £ COMPARISON SPECIMENS ness Scales provide a reference of calibrat d 


" eu Surface Roughness for comparison 2 


i machined surfaces by sight and touch aid 
' é ~ * Ss HN ; , . ; fulfil the need for a simple, dependable stan }- 

a , Pz ard for visualizing, selecting and specifyi g 

2 as , j surface conditions for production work. 

x - 9 : : RUBERT & Co. Ltd. 
Cc Oo mM T 4 Oo L ? pice Z ACRU WORKS, DEMMINGS ROAD, COUNCILLOR LAN , 
y CHEADLE, CHESHIRE 
Telephone: GATley 5855 

















OIL SIGHTS 
FOR 
MACHINE 
TOOLS 


Accuracy to finest limits is automatically 
expected of every Rotherham product. The 
type of Oil Sight for Machine Tools illustrated 
serves to strengthen this confidence in 











Rotherham quality. This pattern is threaded 
}” B.S.P. Other sizes may be quoted for in 
production quantities. Remember us also for 
Brass T, Y, 4-Way and Elbow Pieces, Brass 
Taps of all kinds, Brass Grease Cups, Winkley 


Oilers, etc. 
oF coven Ue 


ROTHERHAM & SONS LIMITED COVENTRY 
Telephone: 64154 





. . . we sent one by Flying Boat. 

Wherever you are SAVE TIME! SAVE 

MONEY ! Send accurate details or a draw- 
ing of your requirements. USE OUR SPECIAL 
BREAKDOWN SERVICE. 


A SPECIAL SERVICE FOR 


Prem ’ er 


COIL SPRINGS 


Redditch. Worcs. 


PRECISION MANUFACTURERS SINCE 1750 | The PREMIER SPRING CO. LTD. — tei: Redditch 108e 











are really ingenious. We can tell 


Constructions. A.I.D. Approved. 





WHAT WE DO IS OUR CUSTOMERS' SECRET...It must not be talked 
about...which is all very trying because we would like to 
give you some idea of the size, character and variety of 
JIGS and SPECIAL PURPOSE MACHINES we are producing--some 


you though, that we are 


consulted and employed by many of the foremost Engineering 
concerns in the Country. Why not discuss your next 
problem with us? WM. C. FRANCIS LTD., Canley, COVENTRY. 
Mfs. also of Precision Tools, Prototypes & Welded 
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Save time by indexing 
and clamping pneumatically 


Saving in time 55°,,. 

Investment needed DM200 (approx. £17). 

All the various operations in production like 
clamping, lifting, pressing, drawing, bending, 
embossing, etc. can be rationalised. 

The FESTO-PNEUMATIC manufacturing pro- 
gramme includes air cylinders ranging from 
50 to 6000 Ib. thrust and air valves for all 
kinds of air circuits. Write for literature. 


Agencies still open 

for some countries 
FESTO-MASCHINENFABRIK, ESSLINGEN, a.N., 
GERMANY. Tel: 355751 Teleprint No. 072/2256 


b. 


Engineering 
Wires in Round, 
Square and Hexagonal 
sections. Bright drawn 
or centreless ground in 
Mild Steel, Commercial 
or Freecutting quality, 


and to a wide range of 
E.N. and other specifications 


oF meurriie 


A1.D. approved 
THE 


SPENCER WIRE 


COMPANY LIMITED WAKEFIELD 
Telephone Wakefield 6111 (10 lines) 
vo. $5160 
DaW 1058ED 


Telex fh 


Telegrams Spencers, Wakefield, Telex 








%, 
PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 
tion and design, and supplied in painted, 
plated or enamelled finishes. 
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oO 
(METAL DETAILS)LTO 


DARLASTON STAFFS 


Ai07 





BOXES of assorted 
SPRINGS 


@ 3 DOZ. SPRINGS 
PER BOX 


@ ALWAYS 
READY FOR 
THE ODD 


TENSION 

SPRINGS 

Box No. ATL 1/18 

17G to 25G. |” to 

6” long. Price 6/4d. 

per box. 

Box No. ATH 19/36. 

16G to 1IG_ 14” to 6” 

long Price 25s. per box. 
COMPRESSION SPRINGS 

Box No. ACL 101/118. 17G to 25G. 
4” to 3” long. Price 10/4d. per box. 
Box No. ACH 119/136. 16G. to IIG. | 
to 6” long. Price 14/0d. per box. 


ALSO SPRINGS TO SPECIFICATION. 


AIREDALE SPRING MANUFACTURERS LTD. 


Send for our 
list of Standard 
Springs 





OXENHOPE, Nr. KEIGHLEY. 8. Yorks. Tel: Haworth 3287 


VULCASCOT LEVEL-MOUNTS 


incorporating 
Vulcascot Anti-Vibration Rubber Pads 


Reduce vibration 


and wear. 


Simplify Machine 
Installations. 


Precision Levelling 
without shims. 


No drilling of floors. 


Less noise, less ner- 
vous strain. 


Write or phone for literature 
to the manufacturers: 


VULCASCOT (GT. BRITAIN) LIMITED 


87-89 ABBEY ROAD, LONDON, N.W.8 
Telephone MAIDA VALE 7374/5 








FLEXELLO CASTORS & WHEELS LTD., SLOUGH, BUCKS. Tel: SLOUGH 24121 


A108 


c 


CASTOR 


dé Flexello 


CONSTANT QUALITY 


CASTORS 


Choose your castors from the largest 
range in Europe. Flexello will meet your 
special requirements individually, while 
our fabricating division designs and 
manufactures ‘special’ castors for extra 
heavy and difficult applications 


illustrated are a small part of our vast range 


a 
y"S 


DIGEST 


» Write for illustrated leaflet to Dept. ED 
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N. HINGLEY & SONS RING SPRINGS 


LIMITED LIMITED 








RING SPRINGS for shock absorption and steady 
CHAINS dissipation of shock consist of precision rolled rings 
within fine tolerances and close specifications 
IN HIGH TENSILE STEEL & WROUGHT IRON 
A RING SPRING ASSEMBLY 


SLING CHAINS | T BERREEE 


NEW AND REPAIR SERVICE 











FORGINGS & DROP FORGINGS | | | | 
A SPECIALITY RINGS BOTH WELDED AND WELDLESS ROTC CTC TCH 


100000 Ag 
IN CARBON & ALLOY STEELS . STAINLESS As LONGITUDINAL SECTION 
“NIMONIC”’ ALLOYS . TITANIUM . LIGHT ALLOYS, ETC. 2 «OF A RING SPRING 


tt 




















Send us your enquiries. se 








NETHERTON IRONWORKS:DUDLEY> WORCS. 





STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 


CYANIDING POTS HIGH SPEED TOOL, Dif 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD 
PHOSPHOR BRONZE, ALUMINIUM etc. LINES. STUDS & SIGNS 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 


M.0.S. approved inspection facilities installed 
Routine X-ray control 


HA Johnson . Tiset id 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Rood, Sheffield 
Machine Shops : Broadfield Rood, Sheffield 
London Office : Central House 
Upper Woburn Place, W.C.! 
(EUSton 4086) 


Glasgow Office : 93 Hope Street, C.2 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Taking the measure of HARDNESS — 
The Vickers Portable 


Gear Hardness Tester 


The Vickers Portable Gear Hardness Tester has 
been specially developed to test large gears in 
places where they cannot be easily moved—in 
ships, power stations, etc. Incorporating all the 
features of the Pyramid Hardness Testing machine, 
its extreme portability makes it particularly useful 
for measuring gear hardness in the shops where 
the hardening processes are carried out. As with 
all the Vickers Hardness Testers, it is equipped 
with the Micrometer Ocular, used in conjunction 
with the Vickers Pyramid Diamond Indenter to 
give readings in the internationally recognised VPN. 


The Vickers Portable Hardness Tester Please send for a catalogue giving full details. 
specially developed for dealing with large com- 


ponents which cannot be tested by the standard Wi a 
machines. YW G KK¥e IR 


The Vickers Pyramid Hardness Testing Machine VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 
compact in size and comprehensive in service, it ; . ? Re 
enables immediate and precise hardness testing to 13 City Road, London, B.tA. Telephone: METropolitan 8877. 
be carried out at the place of production. Telegrams: Vicksbox, Ave., London. 

TGA CH62 








A RANGE OF 
TORQUE CONVERTERS 


A range of Torque Converters suitable for 
many applications including Industrial, Earth 
Moving, Rail Traction, Commercial Vehicles, 
etc., is now available from the manu- 


facturers, Self-Changing Gears Ltd. 


Based on the well-known Schneider 


system, thousands of Torque Converters of 





this type are giving excellent service all 


over the world. 


SELF-CHANGING GEARS LTD™ 


LYTHALLS LANE COVENTRY ENGLAND 
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“" EFCO-PARK ~~, 


Hundreds of firms use 
- O0-KASE )} 
2 


7 ‘\ 
a - 


— ee ae oe ee 


"4 
| ime saver 
Equivalent to copper plating, NO-KASE is a 100% metallic 


for selective 
bn. stop-off agent, applied like a paint, for selective carburising 
(; a I’ bu I ] { ll 2 by box or salt bath methods. It eliminates the need for a 


plating section, and saves hours of time in preparing work for 
selective carburising. Superior to refractory compounds, it is 
easily removed by wire brushing and in many applications it 
need not be removed before hardening or machining. A trial 
supply will demonstrate its worth: 2 lb. plus vehicle 32/6. 
74 Ib. plus vehicle 112/-. 


% No-Kase enables selective 
carburising to be employed 
in work for which mrs plating 
would be impracticable owing 
to size. A ship-building works ELECTRIC RESISTANCE FURNACE co LTD 
reduced machining time on : d ° 
large cams from 126 to 28 hours Netherby, Queens Road, Weybridge, Surrey. Telephone: Weybridge 3816 
by using No-Kase instead of car- Associated with Electric Furnace Co. Ltd., and Electro-Chemical Engineering Co. Ltd. 
burising all over as previously. NRP/R 3006 
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PRODUCTIONS 


‘CLAYFLE X’ 
FLEXIBLE BEARINGS 


‘NYLASTIC’ ADJUSTABLE 
SUPPORT CLIPS 


Made in various sizes, tough, flexible 
and light in weight.  Self-locking, 
with radiused inner surface. Earthing 
or Plain types available in Saddle or 
“P" form. 


‘STIKASTRIP’ 


ADHESIVE SPONGE - RUBBER 
SEALING STRIP 


Ideally suited for all sealing purposes, 
absorbing vibration and weather 


Provide for the silent trans- 
mission of power and eliminate 
vibration. They cushion drive and 
require no lubrication, adjust 
ment or maintenance. Produced 
in a variety of styles and sizes 
Our Technical Dept. will gladly 
advise on bearings to meet your 
particular application. 


‘NYLASTIC’ 
BEARINGS 


For oscillating and rotary applic:- 
tions these bearings are designed 
to bring users the full benefit of 
Nylastic as a bearing materia’. 
Having a relatively low coefi- 
cient of friction, Nylastic provides 


sealing. Easy to apply and economical s cil 6 Ms 

; a smooth silent bearing that can 
in use. Over 50 different sections Yyy yy operate under the most adverze 
available and supplied in 10 ft. rolls. ( she g conditions. 


For further details of these HOWARD CLAYTON-WRIGHT LTD 


t it 
en WELLESBOURNE . WARWICKSHIRE . ENGLAND 
Teleph : Wellesb me 316/7/8 * ‘Grams: Clatonrite ’ Wellesbourne 
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KLAXON 

INDUSTRIAL WARNING 
SIGNALS AND 
TRANSPORT EQUIPMENT 


Buxton certified Mine Signal Equipment. Audible 
Signals for factories, railway yards, power stations, 
transport, etc. Heavy Duty Windscreen Wipers, 
and Direction Indicator Flasher Units. 


KLAXON 

FRACTIONAL HORSE- 

POWER MOTORS he |B A XxX °o ~ 
From 1/2000 to 1 Horse-Power. Synchronous. 


Commutator. Asynchronous Induction. every timc? 
GEARED UNITS 


Over 50 standard types. Output torques from 
zero to 2,500 Ib. ins. Other types and performances 
designed for special requirements. 





KLAXON LTD. Manufacturing Electrical Engineers 
Established 1909 
49 Upper Brook Street, London, W.1 = Tel.: MAY fair 9020 


WORKS—BIRMINGHAM. Tel. : Acocks Green 1654 








Making the best with Moon Machinery... 


FROM START TO FINISH 


only the best quality containers come from a Moon Brothers 
Machine. Just one of the machines in our wide range, the Semi-Automatic 
Double Ended Irregular Double Seaming machine illustrated is designed 
for long service with a minimum of maintenance, and simplicity of 
adjustment. Changeover for varying sizes of 
container is easily made. Power can be fed 
through either a flat belt drive or by a self- 
contained Vee-belt motor, shown here. Manu- 


| 
facturers have found that this machine enables HY i 
operators to develop faster rates of speed, and | Hi) 
encourages high outputs. Have you any produc- } |] 
i 


tion bottlenecks in your tin box or container 

section? We will be pleased to advise you eal 
Le 

5 U.S. GALLON or 4 IMPERIAL GALLON 


Makers of Tin Box and Drum Making Machines 


MOON BROTHERS LTD., BEAUFORT RD., BIRKENHEAD 
Tel: BIRKENHEAD 1527/8/9 Cables: “ MOONBRO” BIRKENHEAD 





All4 THE ENGINEERS’ DIGEST 

















SLVBRBE rey 10 wovstay & ».. 


This is No. 2 in the series of three, of the beautiful hand-wrought Steel 
Keys, made during the reign of Charles Il: This is also a *M’Lady's 
boudoir key and is drawn to scale. One can imagine this wonderfull, 
romantic period by looking at this key: the Restoration after 14 years 
of Puritanism under Cromwell; the Plague, the Great Fire of 1666, and 
“Pretty Witty Nell’ and the famous architect Wren. It is interesting 
to note that the ‘Oranges and Lemons say the 
Bells of St. Clements’ church in the Strand 
designed by Wren, after a severe bombing during 
the last war, is being rebuilt and is now dedicated 
to the R.A.F 






































a nh 
The development of steel made possible 7 | 
the growth of civilisation itself. For steel is ~ . 
the key to the good things in life as well as to 4 
the necessities; as essential to the maker of 
the precision watch as to the bridge-builder 
Hallamshire high-grade alloy and carbon 
steels serve a multitude of in- 
dustries in many ways. 
ag CTY qd la mstee 
ALLOYS & SPECIAL CARBON STEELS 
BARS - SHEETS - PLATES - WIRE RODS 
THE HALLAMSHIRE STEEL CO. LTD., SHEFFIELD 3, ENGLAND. & Phone: Sheffield 24304 Grams Hallamstee!, Sheffield 





In some of the most up-to-date steelworks, collieries, 
cement works, and other industrial plants in which 
dust is produced in quantities, ** Visco-Beth * Auto- 
matic Dust Collectors have succeeded in getting rid 
of the Dust Nuisance with its attendant risk of air 
pollution. Before it can become air-borne to settle 
on buildings and machinery, the dust freed at coal 
creens, grinding mills and conveyors is collected at 
ource of origin by ** Visco-Beth *’ Automatic Dust 
Collectors. These have a recovery efficiency of over 
9 per cent. and will operate at full load for long 
eriods with minimum attention 








Two large and two small ‘'Visco-Beth’’ Automatic 
Dust Collectors installed on the roof of a factory in 
the Sheffield area, recovering graphite and carbon 
dust 


Consult us on your Dust Problem 
and ask for brochure “Modern Dust 


Collection’ No. $74 


DUST COLLECTION 





HE VISCO ENGINEERING CO. LTD., STAFFORD RD., CROYDON Phone CROYDON 418! 


Also makers of Air Filters, Water and Oil Coolers and Fume Re moval Plant 
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BIRMINGHAM 33 ENGLAND 


B.S.A. TOOLS LTD 


MAKERS 


3071 


STECHFORD 


BIRMINGHAM 


KITTS GREEN 


BURTON GRIFFITHS & CO LTO 


AGENTS U.K. 





” a 


